





































































































AGicoior INSTRUMENTS 


make the sample bottle test as obsolete 


as Candle Light for Illumination . . 


The first oil well in America was drilled by Drake in 1859. Three years later, in 1862, TAG'S first 
tester was patented. In 1864 the U. S. Petroleum Association adopted and recommended the u 
of the Arnaboldi (later known as TAG) "coal oil'’ Hydrometer. With that sort of tradition, it is r 
to be wondered that the TAGliabue organization has played an important role in the developme: 
of practically every oil testing instrument of consequence and has been responsible for the intr 
duction of many new pieces of equipment which are now indispensable to the efficient and succes 
ful operation of the laboratories of the oil industry. 





The two new TAG Cata ogs shown 
above should be on your desk 
now. No. I100-I illustrates and 
describes the regular line of ex- 
treme precision and _ standard 
grade TAG Thermometers and 
Hydrometers, and also contains 
useful conversion tables and in- 
structions for using thermometers 


and hydrometers 


Catalog No. 699-1 illustrates and 
describes the many TAG Oil 
Testing Instruments for Petroleum 
Products. Send for your FREE 
copies today 


Numbered among the many notable TAG Oil 
Testing Instruments is the A.S.T.M. Union 
Colorimeter. It is manufactured by this Com- 
pany as exclusive licensee under agreement 
with A.S.T.M. It operates on the principle of 
matching a fixed sample of oil with variable 
color standards. Comes equipped with 12 color 
standards, standard glass jars and the new TAG 
Daylight Lamp. For color determinations of lub- 
ricating oils and petrolatum it is universally 
accepted. Your laboratory is ill-equipped with- 
out this standard device. 


An exclusive TAG product, manufactured in 
accordance with the specifications of the late 
C. |. Robinson. This instrument is distinguished 
from the TAG Union Colorimeter in that it 
operates on the principle of matching a vari- 
able depth of lubricating oil with a fixed color 
standard. Ideal for plant control and for accu- 
rate differentiations of color shades. 


Closely associated with TAG has been +h 
name Saybolt. TAGliabue was originally a; 
pointed the sole selling agent for the Sayb: 
line of oil testing instruments. Later this Cor 
pany took over the exclusive manufacturir 
rights for all the instruments developed 

George M. Saybolt. Numbered among +! 
group is the Chromometer illustrated above 

operates on the principle of matching a va 
able depth of oil with a fixed color standa: 
It is indicated for accurate service in determ 
ing color shades of kerosine and gasoline. 


Ask us about this lamp for use with each of +! 
TAG Oil Testing Instruments described her 
It provides a uniform source of daylight illun 
nation. 











C. J. TAGLIABUE MFG. CO. 


Park & Nostrand Ave’s., Brooklyn, N. Y. 
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ITH TAYLOR FLOW 
ND LIQUID LEVEL 
iSTRUMENTS... 


ERE is a reminder to those who 
say, “Flow Meters? Why, I never 


cht of Taylor in connection with 


t Taylor is no new entrant into 
ite of flow and liquid level fields. 
odern ‘‘Fulseope’’ Controllers meet 
tically any industrial requirements 
iy and ean be readily adapted to pro- 
ig needs of tomorrow. Taylor En- 
ers offer you “ Fulscope”’ Flow and 
Liquid Level Controllers with as great 
accuracy, durability and efficiency 
he Taylor ‘ Fulscope’’ Temperature 
| Pressure Controllers so widely used 
ughout the industry. 
AND—this is most important. In all 


se controllers of the ‘*Fulscope” type 
e control mechanism, means of adjust- 
ent and performance characteristics 
ire identical. The only difference is in 


cans of actuation. So that today you 


can standardize on one type of control- 


for all phases of a continuous pro- 


cess—temperature, pressure, flow and 


juid level. 


\ 100% Taylor installation is there- 


fore possible with these important ad- 


antages: a unified system of control, 


undivided responsibility, quick and thor- 


igh personnel training, interchangea- 


bility of parts, lower maintenance costs 


| more efficient operation. This is 
hy Taylor Control means more than 
‘ purchase of individual instruments. 
is the reason why plants with Taylor 
mperature and Pressure Control 
uld see just what Taylor Flow and 
juid Level Control can accomplish. 
reminds plants that have no Taylor 
mtrol at all: ‘‘Look into the unified, 
coordinated Process Control that Taylor 
igineers can bring you.” 
\s the first step, consult a Taylor 
presentative or write for the special 
ivlor Catalog 70J on Rate of Flow 
d Liquid Level Instruments. For 
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FOR FLOW, LIQUID LEVEL, TEMPERATURE 
AND PRESSURE there are Taylor ‘Fulscope”’ 
Controllers with identical control mechanism, means 60-PAGE FLOW 
of adjustment and performance characteristics 
Used together, they give a perfectly coordinated AND 


and balanced system of process control. 


“s-ei.45 


LIQUID LEVEL 





; CATALOG 
quick action address Taylor Instrument 
Companies, Rochester, N. Y. Plant also FREE 
in Toronto, Canada. Manufacturers in 
Great Britain—Short & Mason, Ltd., 


, Send for full information on the r 
London, England. ; 


ern line of Taylor Flow and I 
Level Instruments. See how 


help to modernize your syst 


tinuous process control t 
gree. Especially when } 


Taylor Temperature and Pr 
Control. 
Write for Taylor ¢ 


Taylor offices in Roc 








indicating # Recording Controlling 


TEMPERATURE, PRESSURE and 
FLOW INSTRUMENTS 
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stronomer by profession, but fre 
consulted by industry such is 
thor of this month’s first article. 
e heard, moreover, that every top 
spectroscopic analyst around Pitts 


lh has learned some theory and much 


ctical dope” from Dr. Keivin Burns. 
r} Kevin Burns mentioned in the 
\ é re iragra] tl s 

S rt Keivi ind Kevin a 


Dr. S. R. Williams having laid the 
undwork in his first four articles on 
rdness, he begins this month a critical 


rvey of actual methods. 


Ralph Bateher, having described many 
lustrial applications of cathode-ray 
bes, now deals with their applications 


he study of the human machine. 


This month's crop of new instruments 


ludes, as usual, two or three which 
present the embodiment of new meth 
is. If it were not for an editorial policy 
ised on service to instrument users, we'd 
iften be tempted to run full-length fea 
re articles on such really new devices, 
ritten by engineers in the employ of 
e commercial producers. As a matter 
fact, we did it for Preston Bassett 
“The Gyropilot’) and we're thinking of 
iving a couple of pages to a develop 
ment engineer who conceived a radically 
new form of instrument soon to be placed 
the market. What do vou think? 


THE FRONT COVER 


“ArmveNOY.U. 2... "0.000001-0.000002" 
Intercollegiate game, and score? 
No: Joint laboratory, and precision it 
inable in linear measurements. 
\t the center of the photo stands Pro 
ssor De Zafra, the team Cap—beg par 
n, the Major in charge. He tells you 
ibout it on page 135. The “flaming 
bomb” flag is that of the New York 


Ordnance District, U. S. Army. 


DO IT AUTOMATICALLY! 


NDUSTRY faces a cruel dilemma in these days of titani 

struggle between two groups of extremists who differ in 

their “ideologies” but agree in their ulterior purposes—to 
wield power without shouldering responsibility and to enjoy 
luxury without serving society. Ruthlessly robbed by dema- 
gogues to support dole-made unemployables and to make more 
unemployables, maliciously milked by pyramiders to support 
jugglery-made wastrels, Industry appears to face the alterna 
tive of raising its prices (and going broke by losing its mar 
kets) or drastically cutting prices to expand its markets. To 
cut prices without going broke, it must reduce the labor-con 
tent of every unit of sale (goods, power, transportation, etc.) 
through greater use of automatic devices. But this reduction 
of human drudgery through Instrumentation is precisely what 
is opposed with the cry of “technological unemployment!” by 
haters of “private” industry. 

What the meddlers can’t see is that to halt industry is to 
obstruct the flow of life-blood in the body politic. For Industry 
in its broad sense embraces not only what is implied by the 
shopworn expression “capital-and-labor” but all contributory 
services such as discovery, invention, research, transportation, 
communications, education—even national defense and hy- 
gienic measures and spiritual guidance—all material facilities 
and human activities that keep the nation healthy by con- 
tinually accelerating the circulation of its life-blood. 

The vascular system on whose functioning our national 
health depends is (to use another shopworn expression) “pro- 
duction - distribution - consumption.” The health of the body 
politic is (to use a brand-new expression) the second deriva- 
tive of the circulation of this blood: not the vearly total of 
goods and services, not even the per-capita yearly total, but the 
rate-of-increase of the per-capita rate-of-flow. This being a 
new theory, its basis may be given: 

A boy of ten weighs twenty times as much as he did as a 
baby. Throughout these years his health depended on his heart 
pumping more and more blood into his ever-increasing mileage 
of arteries and veins. At birth, all the blood did was to keep 
up the spark of a vegetable-like existence; at ten the blood 
makes the boy live actively between meals. 

So it is with any society as it progresses. In its infancy, its 
production-distribution-consumption system is so undeveloped 
that the society merely vegetates: everyone is poor though all 
adults toil. In its adolescence (the “factory” age) the system 
affords enough leisure for the rise of a civilization but the 
body politic usually suffers growing pains due to unbalanced 
development—the drag of maladjusted cells and the occasional 
ravages of malignant parasitic cells. 

The manufacturing industries and utilities are the heart of 
the body politic. They pump the red blood—the real wealth. 
To create more and more real wealth and per-capita leisure is 
their mission, gradually being accomplished through Instru 
mentation. 

Fifty vears from now, people will pity us for wasting so 
much toil on so many repetitive operations that can be done 
automatically with instruments available today. 
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No. 25—-WILMER HARLAND TUCKER, Assistant Director 


Laboratories of The 


N this department last month we 
ted ow our readers at. the 


Grood Housekeeping Institut 


: +] N — T all ’ ; é 
po oon the tests made by the — M.S. from M.LT. Following oratory Section Head. Electri 
irers of household devices graduation he taught engineering at search Division Head and. 
neludine vacuum cleaners. It. is M.1.T.. Oregon State and LaFavette. 1933. Assistant Director. 
fe | eae \ i] e ou ‘ t] . ro “ine . - 
» follow it up this month He joined the Hoover Engineering Cummings and his staff all 
ia boratories 923. Since t . 
\ readers in this industry I i tories mm TS aan ince then ha in substituting exact instru 
: ; 
Ihe ositions aboratoryvy Engi 
l itt Hoover ¢ OMpanv is a won a } v ae wich. I Res measurements for human — ob 
: ~ heer “The Cl rator = r . 
a ae ee ea & r.. echani WMaratory ection tions. Support d by the con 
Head. Mechanical Research Division ' oe 
: nm. and we at deay management, thes are always i 
Head. and in 1933 he became Diree } F ' } ' 
yconvey it Lo vou via a picture 1 the Jal Ing the most up-to date instr 
. t r t hy . t “It » 
1 n he Tour-story 70 rot al ~ Pear In fact. when ther cannot fin 
1Go tt. | nvimecring Building Lh Tucke r was born in 1896 in Col exact CV} Pora special p rpos 
konein ring Ds partment has abo orado Springs, ¢ olo. He attended Col promptly have it made, 
' bers and represents the al orado College. completed his engi Enthusiasm for Instrumenta 
ni by the Hoover management necring education here in Pittsburgh pery ides the entire Hoover orga 
llion dollars during the B.S... Carnegie Tech, 1923) then tion. ‘The Production Depart 
vast fifteen vears, harter Sub employ sa large number ot 
' , "1 oa | | ) 
5 Cummings heads the En uring and controlling ins 
LYineermnmyg I ibor LLOTIES which 


i personne lot about 45 and 


reanized into eight individ 


research sections: 

| T it r | 7 

\l i« Rese ( Labo 

| cle ( e Rubbe Pay 

1 Re ch | ) ry 

\ Research | \ 

( lie ( | ! 

Che ‘ \I- ‘ t 
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Lab \ 
S. | TL 

Born in 1897 in Quincy, Mass.. 
( mings re eived BS. degrees 


mo Harvard and M.I.T.. and 





Hoover Company, North Canton. Ohio 


By M. F. BEHAR joined the Hoover Engineering 


oratories, where he has. si 


Laboratory Engineer, Electri: 


> 


said Cummings. “Its mone 
allotments show its attitud 


ward research and Instrun 


means of keeping its pre 
ip-to date and the leader in 
industry.” 

Cummings concluded tha 
entire Engineering Depart 
Stat” benefits from Jnstrun 


and valuable purpose.” 


ments. of which 324. ree 
listed, initially cost RA. 
“The company looks upon 


struments as good investme! 


tion as necessary and. valu 


which “serves a most impor 
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(Estimated initial cost 


instruments apparatus 


THI 
$214,000) 


designed 


spectal and 
Eddy Current Brakes & Loading Devices 
Standard Round Edge Orifices 
Air and Gas Meters 
Cathode-Ray oscillograph 
Dudell Oscillograph 
General Electric Noise Meter 
General Electric Noise Analyzer 
University of Michigan Noise Meter 
University of Michigan Noise Analyzer 
Microscopes 
Color Analyzer (Keuffel & Esser) 
Scott Textile Testing Machine 
Scott Rubber Testing Machine 
Amsler Testing Machine (20,0009 Ibs.) 
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Cenco High-vacuum Pump 
Schaefter & Budenberg Gage Tester 
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The Burling 
HEAT CONTROL 






TANKS 


PRESSURE 
VESSELS 


DRYERS 


For 
Industrial 
Processes 


50° -1406 I 


A rugged and accurate instrument that is 
easily installed in ovens or tanks with 


suitable fittings. Tubes of non-corrosive 


alloys. Snap action switches rated at 10 


amperes, ample for auxiliary equipment. 
Send for descriptive folders, 


Burling InstrumentCompany 
> Newark, N. J 


39-243 Springfield Ave 


NEW 





INSTRUMENT: 


In this department we strive to report each month ALL the new 


for measurement, inspection, testing, metering and automatic con 


the form of concise technical descriptions. 


When writing to manufacturers directly, please mention this departm 


your source of information. 


Or write to Information Section, Instruments Publishing Company. 








Water Level Recorders 
Two port ible drum-chart float oper 
ated water-level recorders are announced, 


1] 


ilike in all re spects except for the choice 


of chart codrdinates and, therefore, of 


Oil Meter & Control De, 


\ new development for oil flo 
urement, the “Askania Oil Trans 
is usable also for automatic-conty 
poses. Manufacturer claims that 


pen-actuating mechanism. “Model son of the inherent characteristi 
FW-1" (illustrated) represents a solu to its design, the Transometer eli; 
tion of the uniform-seale problem in Ul errors in oil flow measuremy 
volving minimal friction: although pen to changes in viscosity, temperat 


irm swivels about a fixed point, actuat 


ing cam is so shaped that vertical pen 
movement whether at middle or edge ot 
chart——is exactly proportional to water 
integration of record 

Frictional 
») 


25 in.-oz. and 


level, permitting 
with an ordinary 
torque it float 


mechanism is 


p! inimeter 
wheel is () 


idjusted to a tolerance of 


KOLO05 tt water level “Model FW-2" 
traces its records on rectangular-coordi 
nate charts with uniform water-level 
scale These records are of ideal form 


trom 


thre S 





specific gravity. 


posit 


procket 


CTreases, with 


ball 


for mathematical purposes (rates of. rise portior 


} 


ind form corresponding to slope, ind ca force of 
other obvious advantages) but the pan mitted to tl 
tograph mechanism makes this instru which air is 


ment somewhat less accurate than “Model 
FW-1."” Both 


ture-compensated 


models have a temp ra enters 


clock movement the 
mounted on light aluminum base. Cover 


is provided with observation window 


ind automatic safetv latch and is dust registe 
ind moisture-proof when closed. Overall 


weight 101, 


gvreatet! 
dimensions 6 8 12”: 2 diaphr 
lbs. Float wheel is not only outside the 
recorder case but clears the plane ot 


the base. Stage ratio is 5:12 (5” chart 
scale represents 12 of water movement) 
but the irt-shaped cam = which 


issures 


same he 


linearly proportional pen travel meter 


ilso causes the pen-arm to reverse its 


direction when it reaches top or botton of instrument, it is said, since je 
of chart, so that an unlimited range of ilwavs and 
stage 1s provided in 1-ft. increments by tion me which 
multiple traverses of the 5” chart. Eight balances the 
time scales are available by change-gear nor. Air pre 


combinations whereby drum period may 
be 6, 12, 24, 48, 96, 114 or 192 hours. AI may be 
“Mois 
ture-resistant™ charts are 14.4 long 

Julie P. Friez & Sons Tine Balt 


Sf. & Centra {ve.., Baltimore Md 
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Phe sprocket shown is driven by 


ive disp] cement mete 
speed increases 
varving oil flow, 


r rises or. falls’ ir 


iriation in oil flow \ 


fly ball governor is 
1¢ Askania jet pipe 
introduced through 
Air leaving the jet 


ipe, the more the jet 


1 the receiving nozzle, 


- will be the air pressure 01 


wm 5 


phragm bala 


Slight 


entering jet pipe do not 


iccurate mea 


] 


used with maker's control « ] 


ind jet pipe 


position 
I 


ilways be such that air pressure 


ncees gvovernor torce 


the oil flow through 
pressure changes of 


iutomatically finds a 


nozzle connecte 
top of the diaphragm. As ait 


sure on diaphragm depends upot 


heing in direct proportior 
centrifugal force, it therefore is a sql 
function of 


1 


iffect iccul 


ir pressure on diaphr 


upper force of the 
‘ssure thus created 


sure of the air flov 


Ss a metering impulse in conne 


th any 
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II) 


or €¢ 


oil flow problem {si 
ff So, Mi hiaa 
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hree-inch Oscillograph 


new three-inch cathode-ray tube 
Oscillograph, “Type 164," has 
eloped for sery ice engineers, to 
in conjunction with any stand 
muency modulator and. oscillator 
inv of the new designs of fre 
modulated oscillators. In addi 
s snid that it will “serve the 
poses of a really efficient port 


} 

l 
wr 
ry} 





oscillograph as well.” It employs 
Du Mont Type 34-XH 3” tube; has 
rately controlled horizontal and ver 
high-gain amplifiers, flat from 30 
30,000 eveles per second; internal or 
rnal positive synchronization; high 
low-voltage power supplies, assur 

i brilliant pattern and no interaction 
‘controls. Provisions for applying sig 
direct to the deflection plates have 
en made at the rear of the unit. All 
trols (ineluding horizontal and verti 
positioning controls) are on front 
nel. Unit has an amplified sweep with 
requency range which allows observa 
of a single wave from 15 to 30,000 
cles per second. Allen B. Du Mont 
“aroOries Ine. U'ppe ad Montelair. N. J 


Photoelectric Control Removes 
Skew from Cotton Cloth 


Lo id= in producing uniformly 
lght cloth at higher speeds, this new 
toelectric control operates a cloth 
ightening device which removes skew 
m cotton cloth during the tentering 


stretching process; also reduces O} 


rt 


or fatigue. Two photo-tubes are 
minted over the cloth, one on each side 
the tentering machine, and_ light 
rees are located beneath the cloth di 
tly under the phototubes. (Illustra 
m shows one of these two combina 
ns.) As the cloth progresses through 
tenter, the tubes receive an equal 
mber of light flashes between threads 
the cloth is straight. If the cloth be 
mes skewed, however, one tube. re 
es more frequent light flashes than 
e other. In consequence, the frequen 
es on the tubes will be unequal. By 
eans of amplifiers and a_ frequency 
esponsive circuit, inequality of fre 


Phototube 
Amplifier 





«—Bracket 


quencies causes actuation of relays con 
trolling, through a magnetic switeh, a 
straightening motor which advances or 
retards one edge of the cloth with re 
spect to the other, thereby removing the 
skew Cloth speeds may vary from 20 
to 140 yards per minute, and the weft 
thread count m iW ovary from 20 to LOO 
per inch in’ closely woven shirting. 

General Electric ¢ . Schenectady, N.Y. 


Metering Solution Feeder 
Initially brought out is a water 
chlorinator for paper-making processes, 
flour mills, swimming pools, waterworks, 
sewage treatment, ete., the “Rota-meter 
Vacuum Chlorinator” ¢ 
adapted to ipplications involving other 


n obviously be 


fluids than water and chlorine. It is 
iwailable in two styles: the “de luxe” (il 
lustrated) and the ‘Type R”’ wherein 


il] parts are assembled on a steel frame 





for maximum accessibility. Its metering 
element is a “Rota-Meter™ (see Jusfru 
ments, Dee. 1933, pages 222-225 ; \pri 
1935, page 107) in a choice of nine sizes 
with capacities of 0.5-5.0 to 10 
of chlorine gas per 24 hrs. Other essen 
tial components are a chlorine gas con 
trol valve assembly, in injector ind 
absorption tower issembly, a safety vent 
ind vacuum break, and a water supply 
manifold.—Hverson Mfa. Co., 214 West 
Huron St., Chicago, Til 





Boiler Meters 
Indicate, record 
and integrate 
Steam Flow 
from the boiler, 
record Air Flow 
supplied for 
combustion 
and record Flue 
Gas Tempera- 
ture. The use of 
this meter re- 





duces fuel cost, Bailey Boiler Meter 
lessens main- 
tenance and outage, lowers standby costs, 


and adds capacity. 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 





Flow Meters. For indicating, record- 


ing and integrating the flow of steam, feed 


water, compressed air and other fluids. 


Granular Material Meters 


For accurately measuring 





the flow of coal or other 
eranular materials in 
eravitv chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which 
may be easily read ata 


distance of 50 feet. 


Coal Met Control Systems. 

Make possible the every- 
day operation of equipment for steam 
generation and utilization at test efhicien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors 


roducts will be wdly furnis nr 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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REMOTE 
INDICATION 


and 


CONTROL 





... a8 usually a job 


for AUTOSYN 


SELF-SYNCHRONIZING 


MOTORS! 


TYP! 1 AUTOSYN MOTOR is 
a reasonably priced — self-syn- 


chronizing motor with = superior 


performance characteristics. One 
transmitter may Operate as many as 
six receivers. Practically any system 
of remote indication or control may 
be solved by the selection of the 


proper type of Autosyn Motors 


FEATURES: 


1. Conventional Motor mounting tiofter 
ngeable v 1 Most 1 sclt 


ronizing motor clements 





Aimate iccuracy Iwo Gererees 


Maximum torque 14.8 inch ounces 


+. Sate continuous Operating yrqjue 8) 
Brushes carry ) curret durin 
sync sn 
Enclosed n 1 dampener reduces 
s« ximun f 3 seconds 

| s st b s 
Dimensions 3-5 /8"x3-9/16"x5-3/4 

8. Weigh 5 Ibs 12 

9. Low current consumption and tem 
} ure fis characteris s 
\ ge range for accurate and safe 

minus 20 to plus 10 
, ng 
| , nt rmnail ” ” request 


BENDIX MARINE 
PRODUCTS CO., Inc. 


Subsidiary of Bendix Aviation Corporation) 


754 Lexington Avenue 
Brooklyn, N. Y. 














Audio-frequency Schering 


Bridge 


vine 716-.\ ( MICITANCE Dridy l 
udio-frequeney Scherir bridge, di 
rec reading ino Capacitance up to 1 uf 
d powe}? t *tapy Wy to 69 O.00 ex 
ressed ratio Rar ve thus covers 
paper conde SETS, ( bles, slabs oft 
old diretectric, liquuid i! | roe cells, nad 
round capacitances of generators and 
transformers. Accuracy over the direct 
readit vy rane Is, for capacitance, . ys 
uw for tl) ir capacitance range LOO 
to L100) put), and '-— 2 put multiplied 
aL ct ale miultip wer setting for 
higher values. For power factor, accu 
racy is = 0.0005 or = 2% of dial read 
in Power factor dial is calibrated in 
mower factor at | ke. Other Frequenci 
betwee! Of eveles ind 10 ke. ean be 
sed, and power factor is obtained by 
multiplying dial reading by frequenc 
In ik For greater accuracy, substitution 
el Mis can be used \ set of ¢ pac 
tance standards embracing both air and 
mica units 3 Vv then be tnterecompared 
to O,OR2G (other types ot Cap citance 
bridge circuits can be used with = thi 
instrument, as, for instance, series and 
par lel resistance rrangements, by add 
Ing exter resistors and precision Cor 
densers. Bridge thus has wide field of 
pplication. It is vailable in either re 
iWw-rack or cabinet mounting. Dimensions 
19 lt 9” over-all. Net weight of 
thre relav-rack model bl Ibs. of cabinet 
model 52? hs (jenera Radi ty 
\ 


Ignitron Seam Welder 


new lvnitron sean velder contro 








ing ignitron tubes times the power 
ses in terms of definite number 
wer eveles to wheel tvpe electrode 
Ine eldit machines. Among its 
res is an inductive timer, consisting 
svnachro is driven disk rotating 
ver second nd cont ining 120 holes, 





each corresponding to a 
welding current Also, the 
tron tubes permits a design 
voltages higher than line vo 


eliuminating the need of powe} 


nstormers. Steel pins 


into the holes iccording to 
desired Use of this ne cr 
ad, greatly proves the 
welds for even ivht-gage te 
especially suitable, however 
hy hye V-vaue StTCCIS Gemma} 
elding currents, and specia 
i" ait iccurate thing 
heavy current such oa ‘un 
OLVINIDIC bronze Westi i a 


Oscilloscopes Using * ili 


OSCIIIé 


cathode-ray 


mall size are announced, u 
creen tube (7” long) which, t] 
ing tour times the screen are 


screen tube, requires no more 
latter. “Mov 


the larger of the two, can be 


oltage than the 


complete visual servicer in. ce 
vith frequency modulated. si 


erator; employs return sweep 
for cempletely removing high fre 
linear sweep return: 


provide s 
eep eliminator for in 
rejection of power supply 


return sw 
Treque 
turn sweep; includes positive ‘it 
ine circuit between linear time 
“Uni-cont 
both horizontal and vert 


incoming signal: has 
owing 
centering knobs on panel from 
shaft protrusion,” horizontal and 
unplifiers; means for contro 
unplifiers; linear time | 
ooth) oseillator from 15 to ove 
switching svstems for ro 


‘OMT signals direct to <¢ 


tube or through umplifiers, and 

“Model 53 
features, is sai 
the smallest and lightest 


the market 


ind foeus controls 


somewhat fewer 
oscillose 


] 


having equal funcet 


} 
Supreme lustrunie 


ree mod, MM 
































athode-ray Oscillograph 

Using 1” or 2” Tubes 
Junior Oscillograph Model REO 
compact design, has a built-in 


ic frequency modulator, will op 


it] ny vood  radio-frequenc 





, operates on the same princip.« 
owraphs using 3” tubes. A) spe 
re is that the tube screen is 
ed on 1 recess behind the panel, 
eine shielded trom interference of 
Control has been simplified LO en 
nen rienced operator to pul thre 
o work with a minimum of 

ind ENP rimentation. The sweep 
oscillator in) this) instrument is 
ed to have a wider range and to be 
b» 


xibl 
STD 


e than the sweep circuit 
in similar oscillographs. Range is 
ble trom Ll to over 150,000 cycles 
Case is 11” wide 9” high ‘ hi 
The Hickok Electrical lnstrument 
Dupont Ave., eveland. Ohi 


CO, Recording Equipments 
Using Saturation Method 


\fter confirming reports of greater 
eed of response, higher accuracy and 
er maintenance costs, received from 
number of plants where installations 
ere made, makers now announce that 
entirely new type of CO. equipment 
dded to their line. No change is made 
recording instruments proper (the 
Micromax” line) but the gas-analysis 
issembly employs a new principle. 


Instead of drving a continuous flue-gas 


mple, the new cell assembly saturates 


vith water vapor, doing away with 


ditheulties attending the care of 
equipment Its construction el 
corrosion, thereby preventing « 
cell calibration. It minimizes tim 
conditioning gas for measureme 


does awav with use of chemicals 


lrift 


ni nal 


natine current is used throughout \ 
single conection to a T1L0-volt line si 
plies both reeorder motor and me u 
circuit There is no batterv, no ¢ roe 
no rectiher ! ( “ ( or curr 
ayus ent. Continuous meastureme 1 
the CO lI thre saturated conti 
sample is made by the thermal-co 
tivity method, the electric resist 
i resistor in the sample bei yy Con Ct 
ith that of an identical resistor i 
reverence stand rd-gas-{ led ce Dott 
t the same temperature \ rhe 
circuit is used, and the unb e « 
representing the COs percent ‘ dl 
ed on the chart The recorder Ving 
potentiometer circuit, lead le a 
lead ter er ure gradients hh e negliel 
ble effeets or ecuracy Leed Ve 
rupee Ce S/ f | pP rol 1 
Pa 
Industrial Pyrometer 
Radiation Receivers 

Three new forms of radiation-receiving 
tubes, of rugged construction for I 
dustrial plant service, vet emploving 
thermally-responsive elements of labor 
tory ccecuracy, ire innounced§ for List 
is primary elements in connection wit! 
makers “Micromax”™ line of potention 
eters In ill forms, the radiation — re 
ceiver proper, known as “Ravotube,” is 


of new design but utilizes same 
principle is in older L&N_ re 
tubes: concentration of radiant 
junction of a thermocouple. Fig 
“No. SSI6 Wide Angle Ravotube” 


rener 
celvineg 
flux on 


l sho Vs 


issell 





bly, desi 





the work in furnace Fi 2 





rned for sighting direct 


“No. SSIS Narrow Angle Ravotulbs . 

sembly with silicon carbide t revet ( 
i\ tilable in various diameters ( 

lengths) projecting inside furnace ) 

kiln. The third form (not. illustrate 

has its Ravotube mounted inside 

minum head with air-cooling tins. Lee 

\ Northrup (4 yf Sf fe 17 P] 


tdclphia. Pa 











INCREASE 
SOILER EFFICIENCIES 


REPUBLIC CO. METER 


The latest developments in th 
measurement of CO» are incorpor 
ated in this new design of Republic 


CO» Meier. 


The redesigned Republ:c CO. Meter 
incorporates the following important 


features: 


| (0) 
e) 
3 
\4 
® 
eo 
I \4 
° 


Data Book 403, just ¢ 


gives complete description 





REPUBLIC 
FLOW METERS CO. 


2249 Diversey Pkwy., Chicago. | 


— 

















HELLIGE 


GLASS ELECTRODE 





READING DIRECT FROM O TO 14 pH 
For All I ypes of Electrode Systems 


Che new Hellige glass electrode pH- 
Meter measures hydrogen ion con- 
centrations and reads direct in pH 
units with all types of electrode sys- 
tems, over the complete range of 0 
to 14. The sensitivity is 0.02 pH and 
the working accuracy is 0.05 pH. 
Portable — Applicable for 
separate null 


Rugged 
titrations and as a 
indicator. 





VACUUM-TUBE 
GALVANOMETER 


Chis instrument is a general purpose 
null indicator of universal adapt- 
ability for precise measurements of 
oxidation-reduction potentials, 
streaming potentials, insulation re- 
sistance, and various types of bridge 
measurements. 

Suitable for measuring systems of 
high resistance (10'° ohms), and 
those easily polarized, with the same 
high sensitivity (0.1 millivolt) and 
the same simple technique as that of 
ordinary systems. 


3702 NORTHERN BLVD. LONG ISLAND CITY. N.Y. 
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Electrically-operated Flowmeter 


\ one electric telemetering 
he “Syvnehro-Meter” is) an 


system 


nounced Tor flow-metering applications 


ith a primary measuring assembly re 
sponding to differential pressure, It can 
of course be used for some other pur 
poses with little or no modification. Its 


| 
essenti S are 


transmitting unit, Fig. 1, 





Fig. 1 
operated by Ledoux bell flow-measur 
Ing mechanism (of type used in maker's 


standard mechanically ope rated fluid 
meters); and a receiver consisting of 
recording and in 


\mong 


system are that 


the desired indicating, 


tegrating instruments idvan 
tages claimed for new 
the transmitter pl ices nly i negligible 
retarding force on the measuring device; 
that the torque developed to operate the 
receiving element is ample but does not 
send any reaction back to the transmit 


ter; that no adjustments being neces 


sary at the transmitter, it may be lo 
cated in 
ind that several receivers may be oper 


transmitter. Calibration 
o be simple and permanent: two 


i relative ly inaccessible place; 


ited from one 
is said t 
scales, one on the transmitter and. the 


other on the receiver, make it possible 


to test the transmitting system without 


calibrating the flow-measuring element 


ind conversely, to calibrate the flow 


measuring element without using the 


} 


( lect ric ll 
readings at the transmitter and at the 


system. In the former test, 
receiver are compared, while in the lat 
ter reading are taken directly at the 
transmitter by means of the indicating 
pointer provided for that purpose. 
Three wires are required, With No. 12 
vire, transmitter may be located approx 


1 mile from receiver. With larger wire, 
1 greater dist ince 1S illow ible provided 


loop resistance 20 ohms S\ stem oper 


ition is a.c., 95 to 125 volts, 25, 50 or 


Fig. 2 is a schematic wiring diagram 
lransmitter consists essentially of the 
mechanically operated measuring device 

“meter’): two contact arms swinging 
bout points M and C; and a constant 
speed cam arranged to swing lower con 
tact arm in a continuous reciprocating 


evele. Upper arm is positioned by the 
flow-measuring device through mechani 


cal stop HIT. The receiver (indicating, 


recording and/or integrating 
in a similar manner except that 
per contact arm is positioned by 
versing induction motor. The lo 
in both transmitter and recei 
caused to rise and fall by mean 
tical cams driven by synehron 
motors 

\n induction motor provides 
shading coils A and B is the me 
ployed to position the receiver 
circuiting one coil produces rot 
one direction, and vice versa. Hf 
coils are short-circuited or open- 


TRANSMITTER 














MET 
fe) ETER m= M 
MT 
ellen 
loo §8=—sA eg C 
SYNCHRONOUS ©) 
CLOCK MOTOR~ 
HOV: € 
OG cimuniniiiiins, 





RECEIVER 

















MERCURY 







MR 
tals 

















SYNCHRONOUS 
CLOCK MOTOR(S) . REVERSINC 
INDUCTION 
- MOTOR 
llov.-—-* at 
AC. 
Fig. 2 

simultaneously, no rotation results. ( 


tacts MT in transmitter are 
shading coil A 


switch is closed, whereas 


Conne 
to short circuit 
mereury 
tacts MR in receiver are 
short-circuit coil B. If contacts M1 
MR close simultaneously, reversing 


connecter 





tor will not rotate—hence transmi 
ind receiver stay in correct relation 
each other 

If flow-rate decreases, contacts 4 
will be closer together than contacts M 
ind will close first, short-circuiting 
\, causing counter-clockwise rotatior 
the reversing induction motor until 
ceiver reads same as transmitter. Li 
wise, if flow-rate increases, contact M 
will be farther apart and contacts 4 
will close first, short-circuiting coil 
causing clockwise rotation of rece 
motor. 

The mercury switch, shown in 
common line and installed in the receis 
is closed during the positioning cy) 
but is open during the rest of the cyé 
Opening of mercury switch takes p 
before contacts MT and MR open on ¢ 
down strokes of the roller arms 
other words, contacts MT and MR « 
the shading coil circuits, but never 0] 
them 





This keeps the contacts in g 
condition. In case of power failure, pt 
vision is made for automatically reést 
lishing the proper phase relation 
tween the transmitter cam and the 
ceiver cam so that the system remall 
wcurate.—Bailey Meter Co., 1041 It 
hoe Road, Cleveland. Ohio 




















Fig. 1 






»*hotoelectric Reflectometer 


determinations of light-reflecting 


cies of flat) surfaces and light 
ission properties of transparent 
nsluecent materials the “G-E Light 


Reflectometer” employs two light 
ve cells, responding to the 
light (a) received by 
ial under consideration and (b) re 


rela 


mounts of 


ted or transmitted thereby. A) 10” 
sphere is equipped with a mov 
tubular arm about a foot in length. 


surface of sphere is painted flat 


The two photocells, so embedded 


“equator” as to face each other, 
connected to a microammeter 
ed atop the device. Held in’ the 
* of the arm attachment is a small 
ction lamp and. reflector by which 
t of light Tay be directed into 
here. The arm may be swung to 


position that the entering beam 


down through a 3” circular open 
SIN the bottom of the globe. 
ION fo determine the reflection factor of 
1 surface, Reflectometer is set on or 
sample in such a way that the 
ning in the sphere is actually closed 
sample. Projection lamp is then 
ed on and a rheostat, on the arm, 
usted until pointer of microammeter 
exactly over “LOO™ mark on seale. 
( ht is thoroughly diffused by the mat 
EK ish of the sphere’s inner surface. Op 
tor next swings the arm into = such 
, osition that the beam of light falls 
eC 3 from normal and directly upon 
ple. Reflection factor of the surface 
-y i tested is indicated on seale. Fig. 1 
ni ws determination on a wall surface. 
fo measure transmission factors, Re 
ectometer requires another sphere of 
\) nilar size (see Fig. 2) with a small 
\l ening at its top. Inside, a silvered 
lamp is mounted base down. To 
a sure transmission factor of a sam 
| 
. A q 
AY | 
NI 
. 7 
si 
1\ 
vi 
"( 
] 
1 
} 
il 











ple, reflectometer sphre re is placed up HIGHEST A) 

the second sphere so that the openings ae 

coincide. ‘Then the lamp in the lower ah 

sphere is lighted and a rheostat ad e c sa A (0) 

justed until microammeter on top of re flue ge a 
a 


flectometer sph re reads LOOG? of the 


+} 


scale. All the light that enters upper Cc RACY 
sphere is thoroughly diffused by lower AC v 

sphere since the silvering on the lamp 

in the lower sphere prevents in\ direct 

light from reaching the opening. Cells SWITCHBOARD TYPE 
in the upper sphere are activated by 

the light which comes from the lowe 


measured is) in 


INSTRUMENTS 


A.C. AND D.C. ALL RANGES, ALL TYPES 
WITH 


SQUARE AND ROUND CASES 
4" TO 9" SIZES 


sphere. Sample to be 
serted between the openings of the two 
All light entering upper sphere 
the 
Microammeter 


spheres. 


and activating cells is) transmitted 
through sample 
rectly indicates transmission factor of 


Ieleetr ('o.. Vela 


then di 


General 


land, Ohio 


sample. 


Park Cleve 


A. C. AMMETERS 
VOLTMETERS 
WATTMETERS 
ALSO D. C 


High-capacity Dry Cells 
\ line of 1 
power carbon cells is announced, supple 
| “Type S17 4 Dp” dry 
sinilar design 


kwh. capacity primar 


menting maker's 
cell. New 
but in view of 
. liquid 
Provision is made 


products are of 


their greater capacity 


has been idopted 


for 


electrolyte 
introduction of 


water at location where cells) are in 





FREQUENCY METERS 


In Six Different Sizes 


POLYPHASE WATTMETERS 
POWER FACTOR METERS 
SYNCHROSCOPES 


idded, ele 


this water is 


Until 


solid, 


stalled 
trolyte 1S 
shipping 
thickens 
which point forward the 
every way a dry cell. In addition to air 
depolarization, new cells are satd to em 
feature ot 
volume. of 


reducing weight ind 
costs. Electrolyte 
trom 


product is in 


handling 
ire in 


ind 


up as cells service, 


regen 
bat 


said to bye 


new 


cubic 


ploy an entirely 
eration, whereby 
tery for a given capacity is 
“much than that of any 
primary battery or dry cells made.” On 
within their ratings 

guaranteed. The types now 


previous 


less 


any work current 
the cells are 
being placed on the market are 
for 
circuits, 


suited 


signaling, communications, contro 
radio 


applications where there are no heavy 


tubes, instruments and 
peak load requirements. Continuous dis 


charge ratings: 





“Type 618" 0.250 amp 

“Type S618" .....::...0:-250 amp 

“Type: GIO" ...:. 0.500 amp 
Proper operating load) for continuous 

. , 1 Als por Dle ecis s 4 
work is 20% less than above Qn u f ~ } 

, : ; rmers, shunts, f s ‘ 
termittent work, continuous output rat etc All backed b S eX 
ing can he doubled, but rest period n the manufactur 
must aggregate daily the same time st nts 
the discharge periods. Within these 1 
ings the guaranteed capacities are: SEND FOR CATALOGUE 


I 
Type Imp hours Watt-hou 


618 (1.4 Vv.) S50 LOOO 
2618 (2.8 \ 125 1000 
6019 (1 ivy.) 850) LOOO 


ible to with 


New cells are said to be : 

stand low operating temperatures.—L: Electrical Instrument Company 

Carhone Ce Boonton. N. J. 10514 Dupont Ave Cleveland. Oh 
INST Rt 
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COCHRANE 
FLOWMETERS 


fecurate— Sensitive — Rugged 








Adaptable to industrial service wherever the tiow of 
t water or other liquids or gases is involved 
ochrane Flow Meters are sturdily built and extremely 
nsitive to variations in flow 

Recorders of both the Electric and the Mechanical 
models are guaranteed accurate within one-half of one 
per cent of absolute under full load 

Cochrane Electric Flow Meters operate on the super 
accurate galvanometer null principle. They may be in 
talled at any distance from the pipe line, facilitating 
entral panel grouping 


information 


Send for 


COCHRANE CORPORATION 


3120 North 17th Street, Philadelphia, Pa. 








MOISTURE 
Content by Drying 


¢ 


is illustrated 

5 | tes 

f Dé it 
I weg! 1 bet € 
Dta s € 

Pa Mi 
R Mi Textile 
I Brick, et 
R te 


\\ te 70? Literatu c 


Harry W. Dietert Co. 


9330 Roselawn Avenue 
Detroit, Michigan 











Wide-field Binocular 


Microscopes 


Ne “Model K° binocular microscope 
offered to need in some industrial 
or educations ork for Greenough 
pe insti ent somewhat smaller and 





ighter than maker's wide-field “KW” 
vhich it supplements. Body is Greenough 
type; stage is metal with removable 


vlass insert and removable metal plate 
white on one side, black on reverse): 
mirror in 
shuttle 


hnoseplece Carrving any two pairs of ob 


one plane and one concave 
fork mount: new dust proof 
jectives (except 0.39 ind 0.7 ) in 
parfocal position. Fourteen combinations 
of paired objectives and of paired eve 
ivailable with the “Model kK”; 
five with “AK Junior’; five with “BK 
Junior.” Bausch & Loml Optical Co 


St. Paul St., Rochester. N. ) 


pieces re 
I 


Anti-hunting Device for 
Pyrometric Control 
Klimination of hunting or over-con 
trol is mace possible by new model of 
the “B-Linator,” an auxiliary 
which need only be cut-in between a 


cle \ ice 


thermocouple and a control instrument 
Its particular function is to Impress into 
the thermocouple circuit a slight addi 
tional emf. that 


iugments the thermo 
couple emf when the temperat 


ure is 
“low” (below the control point ) ind op 
poses it when the temperature is “high.” 
The effect of this selective iction is to 


the control instrument to antici 


praate the return of normality, and hence 
to prevent over-shooting lhus, on a ris 
Ing temp rature, the heat Input IS 
decreased (by turning on a valve, switch 
ine off electric current, etc { i tem 


xhtly below the desired con 


per ture sli 
trol temperature set on the instrument, 
nd conversely, on a falling temperature, 
heat is increased when a temp rature is 


reached that is slightly above the instru 


ment setting, By using two simple ad 





justimen 


ud that the B-Linator ¢ 


provided for the 


to such close control that 
independent record e. § 
In or near the work, will draw pr 
straight line Installation ji 
Since the correcting o1 IntICIp 
tion of the B-Linator is entirely 
thle to 4 hatever values may be re 


it 1s ipplicable ov position cont 


tems regardless of (1) Ev pre oO 
couple used, (2) make of cont1 
rometer, and (3) operating tempet 
he b-Linator operates in conju 
vith nN ot the electrically-oper 
valves, magnetic contactors, — rel 
sSinilar regulating ipparatus on 
used with 2-position or 3-positio 
rometer control systems Im mar 
here 3-position control is in use, 
trol can be improved, it is said, by « 
ing the system to 2 position ind \y 
the B-Linator. The change, a simpl 
Is iccomplished by connecting two « 
three control positions together, 
trically, at the control pyrometer 
true temperature record is desired 
control operation governed by the B-1 
itor, the temperature should be rec 
on a separate recorder. ‘The B-Lir 
corrects control conditions arising tr 
temperature lag, and it is therefor 


plicable not only on new control ins 


tions but also for systems alre 

stalled and in use, where the trouble 

effects of law have not vet been « 
Briste Compauwy i 


yuered. The 


wi f 


Time Cycle Controller 
Installation of a recently deve 
timing dial on the cam = shaft gre 
simplifies, it is said, the timing of ' 
time evele controller for precision 
tion. It is claimed to embody i me 


exclusive method of controlling ele 
circuits for definite time evcling \ 


} 


inism and construction are said t 
‘a departure from expensive and 
devices) previously availal 
of “a iborators Mi 


shows the new timing dial mounte¢ 


plicated 


[lustration 


camshaft that operates rocker arn 

sembly holding St iley metallic mere 
switches. Cam is graduated in deg 
from 0 to 360. In making a cony 
change of the controller timing, the 

of the progressive circuits is startet 
() ind timed for the on and off posit 
of the Fach following cit 


then is timed to its respective posit 


switch 











“Standard” models are provided 


camshaft speeds specified by the 


NEW DUMONT TYPE 164 
THREE INCH 


SERVICE OSCILLOGRAPH 


er “Laboratory” models ire 
ned with six change gears to give 
3, 4, 5, 10, 15, 20 and 25 r.p.m. of 
ft The “No. 611" laboratory 






—-4 


del is equipped with one-. two-, three 
four-lobe cams giving 15, 30, 45 and 





Check These Features 


ye rating cveles per minute. Speeds 








‘ ‘ zi o 
one break in 3 minutes to. sixty 
s per minute are avaiable on the 
11° model; from one break in 15 min = 
to 25 breaks per minute on the e| 
* model. Unless otherwise specified, 
ecial controllers are provided in on 
ed only Klectric Switch Corp., Co e - 
“us ludiana. @ P 
drafting board enlarged to 25” or re cil 
duced to 4” in order to fit the desired ee) ; 
Multi-Point Pvrometer for scale. Adjustments for position are also \ ( 
. - ae “: provided Spence) Lens Co RButhale e-> 
Diesel Engine Exhaust y ) 
o 
New “Alnor Type 3023" Round Style 
rometer with self-contained selector bd 
itch has been designed especially for Ask Your Jobber or Write 
easuring exhaust temperatures of ‘small Comparator Gage 
ied seukinds th made tov Gash mend ee ee + ite easdineaa Allen B. DuMont Laboratories, Inc. 
on instrument - panel board at : SRAAEEAESA, TORE: 30 the remela Upper Montclair New Jersey 
vu n instrumen Or par ware \ No. 3 Visual Gages see Justrument ; 











June 1935, page 163) is offered for the 
field of comparator gaging Its vaving 


h ea d ‘ simi! ir 


to that of le 


No. 3, utilizes 


the. Ree adtaai ©e@e@ HOW DO YOU 


ing sleeve fo TEST 














rapid = move 

















3 ment ot hye 
dial hand. to 
et TEMPERATURES 
ting. This 
ing head = is 9 
raed na e 
tached directly on the engine, or dis ered by ‘ 
tantly located. Selector switch can be handwhee 
furnished in 2, 4, 6, 8, 10 or 12 points. the ri 
Secale range 600° F., 800° F.,) 1000° F., idjustime 
200° or 1600° F. Extreme case diam t he I c 
eter is 4°; depth including terminals heigI 
ocated conveniently on back of case, the ( 
23,”. Small size and. self-contained de vil d is 
sign are said to fit this pyrometer for loe e | 
use on instrument boards of trucks, means 
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SUSPENDED LEVEL Clarity Tester 
For laboratory and works. control, 
VISCOSIMETER this new device is for observing the clar 
ity of liquids and estimating traces of 
suspended matter. It is claimed to show 
clearly differences of 1 p.p.m. (0.0001% ) 


By L.t bbelohde 
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Kinematic Viscosity in absolute 
inits (centistokes) obtainable di- 


























/ rectly by the following equation 
2.00 
\ Kt 
| t 
| \ the kinematic VISCOSITY in 
cenustoKkes 
j the efflux time in seconds 
K—the calibration factor of the 
| imstrument 
| l] |The suspended level is formed Time and Frequency Stand: 
| base the Captilary 
| i} flus s the interval, \ precision time and frequency 
I mation of the sus tem has for its visual indicator a 
ended siege ee eae the with an error such that it would 
b In ee iIpprox ]! vears before it would ¢ 
d nm sets of three capilla- Prope r illumination on sample igainst from celestial time by one minut 
s sing Calibrated or un “practically invisible’ black back even this minute inaccuracy is 1 
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! smitted light) Laboratory Equip to 10 ke. and the second delivers 
( Lafayette St., New York put of 1000 eveles. The 1000-eyel 
City ergy is then fed into an amplifier 
drive a clock operated by 1 sma 
chronous motor. The rel itively lon 
Voltage Regulator tal frequency of 100 cycles was « 
- . because of the facility with whicl 
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f high-speed vibrating type, with alter measurements or stepped down for 
nating current only for the operation parison with \rlington time sigi 
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the relavs. In connection with the re 
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t necessary smooth voltage. New . : > . 
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Spectroscopy in the Metal Industries 


By KEIVIN BURNS 


Allegheny Observatory of the University of Pittsburgh 


several industries it has become necessary to use 
spectrochemical analysis in order to keep abreast of 
mpetitors. It seems timely, therefore, to illustrate 


rformance of various spectrographs with the hope 
ssisting industrialists to choose the types which best 

ir problems. 

ginning at 2250 A.U., the absorption of air in 
ses rapidly toward shorter wave-lengths. Fig. 1 shows 
egion of shortest wave 
1 in which the are in air 
he protitably observed. 
mportant line, the R.U.* 
st sensitive line) of zine. 
near the short end of 


Thirty-three years of spectroscopic work, including 
notable achievements for various industries, have 
established Dr. Burns as an authority on the possi- 
bilities of each type of spectroscope and on the de- 


which show only in the copper are for the most part 
lines in the second spectrum of that element. The lines 
which are strong in copper and brass belong to the first 
spectrum of copper. Aside from a few zine lines, the lines 
which are common to brass and zine are mainly due to 
impurities in zine, though the lead in brass was probably 


increased intentionally. ‘The silicon and iron lines in the 


zine spectrum are Impurities mM the graphite, but t 


cadmium comes from the 


zine alone. As illustrated in 


Fig. 2.,cadmium is a common 
Impurity in zine { small 
amount of it in brass may 


° , 
not matter, but for galvaniz 


region. In spite of the : : a ing and for the manufacture 
=o termination of the correct type for each class of ap- 
ultv of photographing Ve as = 5 : ; of die castings the cadmium 
ee cig snag plications. To Dr. Burns, therefore, we went for an : apy 
38 ALU. through air, it is : ; content of zine should be 
article desired by many readers: a handy treatment , 
the be st line for de tect . - 4 * “ - much wer than that of the 
a a comparing the work of the various types of modern : 
small traces of zine in ; / samples whose spectra ar 


vy metal excepting copper. 


instruments in all spectral regions of industrial in- 
terest. (No such discussion had ever been pub- 


shown. For such) purpos: 


d even here. the propor : cia : 3 ‘ ; line 2288 A.U.. the most 
tar, lished.) This article not only fills this need, but is i? 
mn oft zine need not be s d n - SCTISIULVe Line ot cadmi 
: noteworthy in other respects: It shows for the first ie 
it (approx, 1 In 100,000 : ¢ 4 ‘ é 3 s should be no stronger than 
Be ee iis. Bi time the benefit of using helium, the separation of he ‘Tine seated: “Su 
order to. sh ‘ ( aa, aig : he line irkes 
manganese and gallium, and the possibility of sep- 
onger than the rather 5s 5 and the I bility of s I Fig. 2 


ak copper line that coin 
les. In the figure, the line 
the copper which coin 
les with the strong zine 
ne is actually the result of 
ne part of zine in a few 
indred thousand of copper. 
Because of the photographic 
difficulty, the sensitive line of lead at 2170 A.U. is less 
suitable for analysis than several other lines of lead, 
some of which are marked in Figs. 1 and 2. 
In Figs. 1 and 2 the upper spectrum is that of th 
ypper are, the middle is brass (88-8-2-2 as a guess) and 
the bottom spectrum shows the standard spectroscopic 
graphite are charged with commercial zinc. ‘The lines 


Bee +} hove 7 = eGrammont to 








Cu zy Cd Cu Po 
F. 7 eae 2288 2303 
lopper 4d ; 
ra aml | | 
Zine 
_cy Cd Cd Cy 
2247 2303 


arating them at 4034 A.U.; and it is unlikely that 
such good illustrations of other separations (of 
molybdenum and iron for example) have appeared 
elsewhere. No article, however, can convey the 
thrill of seeing an experienced analyst glance at a 
spectrum photo and say “Too much lead!”——M.F.B. 


The region containing 


most sensitive tin S 
not shown: the on 
/ which Is marked Is n irl I! 
coincidence with an 
ind so is of little use 
inalys is ‘| he t ilr nes 
numerous In some par 
the spectrum and prevent the observation of fain 
lic lines. To lessen this dithculty, Dr Walters ar 
writer made some observations of the enclosed 


results of which are shown in Fig. 3. ‘I 


+ 


shows the ettects of using alr as residua Aas: 
strip shows the same me 
balloon gas 9707 heliun as the residua vas: 


tom strip shows a longer exposure 


pressure approx. 50 m1 Hg tr ti l 


2199 : 2247 








Sn Cu fe fe PaCu ~ Zn Cu 
2393 <I 





Fig. 1. Copper arc; brass arc; zine in graphite. Large quartz spectrograph. Fig. 2. Same as Fig. 


Fig. 3. Enclosed copper arc, air; enclosed copper arc in helium, atmospheric pressure; enclosed copper arc in helium, low pressure. 


as 
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bands are seen to be ore atly Wwe 


} 


by the use of helium, but they sti 
faintly because of the slight imp 
the balloon gas. It should be not 
while helium is better for the 
shown, the bands of helium ar: 






N 
Zn. 4 We some in some other parts of the sj 
9 ~~ Fe which are free of air bands. 
Ca---. aa og In Fig. 4 the left-hand strip 
3 + spectrum of the graphite electrod 
Sikes ba 
% middle strip shows this same 
2 charged with zine carbonate to wl 
r 9 3 been added a trace of a mixture 
a pa cium, magnesium, barium, sodiu 
wp Py lithium. The right hand strip sho 
a dhe 
= spectrum of iron with a weak | 
+ : 
manganese. For all these metals 
ing magnesium the lines marked 
ly figure are the most sensitive in the 
Ba in Mn = spectrum, and these are the ones 
w ' W readily found when the element is } 
as the merest trace. The small disp 
of this figure is sufficient so long 
—- At are dealing with metals having few 
in their spectra. In fact, for som: 
re binations of elements a smaller sca 
” be used and the whole spectrum 
= 2100 to 6000 A.U. can be photogray 
%) Fe poetasee eo o o> © 2° °oerre ; Mo- on a 10” 25 Cin. plate. 
ia SE :- wer ow fF tree rrers Fig. 5 shows the pre sence y+ 
Po w manganese, gallium, lead, caleiun 
—— Ferrers e = = vo resrenee F Ni ~ ee . in wl re onatis : 
—— + stronger exposure shows the silicon 
a or neeeerrn the magnesium lines can be seen 
° Ma. part of the negative which is not 1 
Zn. ——— o duced here. This particular negatiy 
+ chosen because it has the right exp 


to show the separation of the galliu 


Zn. saa: 
Zn. eS 


and the middle line of the mang 
triple by means of interference 
stronger pattern is that of the gal 
These two lines are so close (se 
largement in Fig. 5a, page 132 
powerful grating (200,000) would | 
quired to separate them, vet an 
ferometer of ordinary commercial g 
shows the patterns neatly resolved 
In Fig. 6 the source of the let 
spectrum is electrolytic iron of 
high purity; the central spectrum 
of tungsten-vanadium steel; the 
hand spectrum is that of stainless 
iron-chromium-nickel, The spectrog 
has a concave grating ruled 7500 lin 
the inch (300 per mm.) and mount 
parallel light as suggested by Fabry 
Buisson’. This mounting gives stig 
images near the perpendicular to 
grating as pointed out by Wadsw 
The seale of the plate of this instru 


reerrere eee re rere y . 
neneeR ee: Detiednaedern: | is 10 A.U. per mm. and as design 


Fig. 5 





+. Graphite; zinc carbonate bearing traces of calcium, barium, magnesium, sodium, and lithium; iron arc with trace of mangan 


Fig. 
Large quartz spectrograph. Fig. 5. Aluminum casting, arc in vacuum, showing manganese, gallium, iron, calcium, and copper. | 
glass spectrograph with F and P interferometer. Fig. 6. Iron arc; tungsten-vanadium steel; nickel-chromium 
steel. Grating of moderate dispersion. 
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iter’ about 2000 A.U. was photographed on 


, 


plate 8” (20-em.) long. Drs. Kiess and 
‘+s have constructed a 16” (40-cm.) plate 
for this instrument; this permits good defi 
be obtained over a range of 4000 A. 


ng a curved plate. This has proven to be a 


0 


ind convenient instrument for almost eve rv 

imalysis, and such an instrument is highly 
mended for general purposes. While the 
s small, the resolving power is good and the 
er can separate quite close lines by using a 


rator to view and measure the plate. 


he central strip of Fig. 6 a few of the un 
lines are due to tungsten, but many mor 
to vanadium which has a rich spectrum in 
egion, the most sensitive lines of all being 
the long-wave end of the figure. Copper 
ws only two lines, the most sensitive of the 
spectrum, and these are of about equal 
eth in all three samples. The position of the 
sensitive tantalum line is marked, but a small 
of this element would be difficult to detect 
e presence of so much tungsten, some o! 
se lines coincide with the best tantalum lines 
kel is strongest in the stainless steel. cobalt 
ws only in the tungsten vanadium sample. 
minum shows weakly in the stainless steel 
Che most sensitive line of tungsten falls at 4008 
\.U. Manganese is about equally strong in the two 
ls. weak in the iron. While the most sensitive 
s of chromium 4254 A.U., 4275 A.U. and 4289 
\.U.. appear to be about equally strong in the 
els. this is because they are greatly overex 
sed in both samples; the weaker lines of chromi 
show this element to be stronger in the stain 
ss steel sample. 


[he instrument used to obtain the negatives of 


1 


Figs. 7 to 10 has a plane grating ruled 15,000 lines 


r inch (600 per mm.); the lenses are the same 
nes used in the glass prism spectroscope of Fig. 
In fact, the prism was merely replaced by thi 
grating. The second order was used for Figs. 7 
ind 8, the third for Fig. 9, and the first order for 


Fig. 10. In Fig. 7 the outside strips show the 


spectrum of a commercial tungsten-vanadium steel 


milar to the sample of Fig. 6 except that a part 
f the tungsten has been replaced by molybdenum. 
Che molybdenum lines which are marked are the 
lost sensitive of the whole spectrum. If any great 


quantity of molybdenum had been present in the 


steels of Fig. 6 it should have shown in the print, 
ita trace of this element can be much more easily 
letected by the use of the instrument of Fig. 7. 
Fig. 8 shows a molybdenum steel compared with 
ure iron. This sample contains no tungsten, 
inadium, or cobalt; it has less manganese and a 
ittle more nickel than the sample of Fig. 7, and 
ibout the same amount of chromium: the molyb 
lenum is somewhat stronger in sample 8. Mag 
lesium and silicon are too low to show in either 
S unple. 
Fig. 9 shows a high dispersion spectrum of pure 
on. The strongest lines of the iron spectrum art 
found in this region which was chosen so as to 
show the Rowland ghosts at their worst. In using 


ie third or fourth order of a grating (the third 


Third Order 
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Fig. 7. Tungsten-vanadium steel outside, iron inside. High dispersion 
grating. Fig. 8. Molybdenum steel outside, iron inside. Fig. 9. Iron arc, 
exceptionally high disnersion, showing Rowland ghosts of the strong lines 
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I 10. Solar spectrum in the infrared, showing water vapor absorption lines and a few solar iron lines. Moderate dispersio: 
figure being a negative, the absorption lines are white. 


ler in this case to obtain high resolving power, om l and 2. 150 A.U. at the beginning of Fig. 4 and 
ially finds the ghosts to be relatively stronger than 300 A.U. at the lithium line near the end of this f 
when using the first order. The presence of these falss In Fig. 5 the spectrum of an aluminum cast 
spectra occasionally prevents the observation of an im shown. The spectrograph has a large glass pris 
portant line of a minor constituent. The grating with glass lenses of 13-ft 390-em.) focal length. Th 
which the original of Fig. 9 was made can detect a trace persion of this instrument is about six times as gr 
m by means of the line 3905 A.U. in the first that of the large quartz at 4200 A.U. This glass sp 
ler spectrum, but this line coincides with a ghost it graph can be used from 3600 to 9500 A.U.. and it is 
t second order is used. Such coincidences are fortunate venient in searching for alkalis, since the most sens 
At some distance from the strongest lines the lines of all the alkalis can be photographed on an 8” 
‘um is excellent and the negative from which Fig. 9 em.) plate. Of course, to search for the weakest tra 
‘N ide shows all the lines which ever have been sus the alkalis in a many-lined spectrum one might pre 
ted of belonging to iron. Because of the great purity grating. One advantage of any prism instrument 
sample, its spectrum shows no trace of any other speed. If only a small sample is available (a few 
Some of the stronger ghosts are numbered, the grams) it may not be possible to obtain a_ sufticies 
st number being closest to the parent line. This strong spectrum by means of a grating instrument. A 
figure was introduced to suggest the advisability of ex other advantage of the prism instrument is the fact 
nining the ghost pattern of a grating before acquiring it is commercially available whereas few institution 
it for a specific purpose. instrument firms can rule a good grating—one wit 
Fig. 10 shows the solar spectrum in the infrared. All total of at least 45.000 lines, that will give results s 


' : of theoretical, with ghosts not stronger than 1‘ 


the strong lines and nearly all of the weak ones art 

n register in the two SUrIps These are ibsorption line S 

: é ; . es CONCLUSION 
rm tive earth s itmaspr tre re. Lhe few lines marked 1 
. The necessity of using the spectroscope for th I 
solar lines arising from the ibsorption ot iron vapor : - ! } | ‘ ea 

, te celestial objects has taught the astronomer how to find 

n The itmmosple re ol the sun. The solar lines can be 


, 1 ; pected constituents in terrestrial materials, and to analyz 
distinguished by the tact that thev are shifted to the : 


materials quickly ind with considerable iccuracy. In some « 


right in the upper and to the left in the lower strip with notably a small percentage of cadmium in zine, spectrosco 
spect to the telluric lines. The sun rotates, so the limbs not only faster but more certain than wet chemistry. 1] 
the equator are approac hing or receding. In the figure, company handling a million dollars’ worth of metals per ye 


nd every firm s ing v-five t IS lars per 
the spectra of the receding and approaching limbs ar ind every firm spending twenty-five thousand dollars yp 


T) on analysis, is advised to consider the possibility that spec 
le : 


shown in. the upper ind lower strips respectively. 


} 


scopy might improve analvsis and increase yrotits Thess 
’ . . } £ } ] 1 
real solar lines show the Doppler effect. The bands and 


sults have followed the introduction of spectroscopy in sé 
nes of this figure arise almost entirely from water vapor cases known to the writer 


n our atmosphere. By similar spectra it has been shown 
hat the atmosphere of Venus is rich in carbon dioxide. ACKNOWLEDGMENTS 
nd that the atmosphere of Jupiter is composed largely 


‘ In securing the negatives from which the wecompanyvil 
monia and methane. On Saturn the ammonia is 


lustrations were made, the writer has had the collaboratior 


weaker and the methane stronger than on Jupiter; while Dr. Francis M. Walters, Jr. (now with the Youngstown S$ 
Uranus and Ne ptune, thre atmospli res consist almost & Tube Co.); Miss Mary EK. Warga, Physics Department, | 
entirely of methane. versity of Pittsburgh; Professor Robert W. Boreman, Phys 


rt 


Department, Carnegie Institute of Technology ; Father 1 
MISCELLANEOUS RECOMMENDATIONS Sullivan, graduate student, University of Pittsburgh; 4 
Kevin Burns, laboratory assistant, Allegheny Observatory; 4 


kor general use in the region of spectrum illustrat ie ; : . wed 
; I vino rated Joseph Getiner, graduate student, University of Pittsbur 


a a Hin lawn . ‘tae ; : : 
Figs. 1 and 2 the large quartz spectrograph is entire ly ind Mr. N. E. Wagman, assistant astronomer, Allegh 
satisfactory, and this instrument is usually sufficient to Observatory 
indle all analytical problems of the white 
il and brass or bronze industries. For the 
inv-lined = spectra iron, tungsten, rare 
Fe@eeeeseoeoo so => — © © ec eeeere 
earths, ete i grating Is more convenient tor 
Wal lengths longer than 2400 A.U. and the 


idvantage of the grating increases with the 

wave-length. In Fig. 4 is shown the longest 

region Of spectrum for which the quartz 4a 

spectrograph is recommended for any purpose. tn ag 
On each figure the number of angstroms 

per centimeter is shown; 8 A.U. at the be 


ginning of Fig. 1, 12 A.U. at the ends of Figs. Fig. 5a. Enlargement of portion of Fig. 5. 
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Jear Resistance in relation to Hardness 


Hardness Measurements.” S 


By S. R. WILLIAMS 


Professor of Physics, Amherst College 





Fifth instalment of “Hard: 
















e are at least five, fairly distinct, types of meth DIFFERENCE IN HARDNESS BETWEEN SPRING AND SUMMER 
vyhich have been employed in the measurement of GROWTIL OF Woop 

nical hardness:—(a) abrasion, (b) penetration, 
mica \ Another example of difference in hardness, as revealed 





roperties of elasticity, (d) magnetic and (e) elee 
methods. In the fact that some correlation may be 
| between these diverse methods may be a hope that 


by a wear test, is found in a piece of wood used in the 






trough of a sluice-wav for gold. An examination of a 






piece of wood over which water, sand, gravel and dirt 


have flowed for a considerable leneth of time shows an 





thing like an absolute hardness can eventually be 





or at least arbitrarily defined. 





intaglio of the soft layers, 7 spring wood, amidst 





lt 
‘s | 
ig. 31. he same thing 


t 
(a) ABRASIVE METHODS the hard or summer wood. See | 


occurs in the old wooden spouts forme rly used in grain 






striking illustration of difference in hardness, as 
tiled by the abrasive method, is to be found in the 
ble floor of the Union Railroad Station in Washing 
I). C. This floor was laid in squares of a light gray 






elevators. There can be no doubt that such observations 


i 





have led others to try to test re lative hardness of mate 


rials by abrasive methods. ‘Thus Crary studied tha re 







sistance to wear by the amount of abrasion caused by a 






ble, approx. 2 2 ft. At each corner of these large 





sand blast. Gary made his tests on stones, artificial min 


erals and timber. Warren” also employed a sand blast 






slabs were set small squares of red marble, about 





» 


m a side. See Fig. 30. Countless numbers of feet 







for studying the hardness of timber. The hardness otf 






shufHed over this floor and have worn off the upper 
face of the stone. However, the red blocks now 






woods has consid rable theoretical value, because l 





+» 





neither crystalline nor amorphous in its averag 






ject a small fraction of an inch above the gray, 






ture. One other practical experience lends interest to 






wing that although both kinds of marble have had 





wear tests. It has been found that coal chutes made of 






same treatment, the red blocks have stood the wear steel do not stand up under the wear given them, as do 






1 tear of pedestri: rave tter th > gray. T —— 
i tear of pedestrian travel better than the gray. Th wooden chutes lined with rubber. One observation should 







d bloc are harder an the gray ; : 1 
ocKs t 1 le than he gray. It has been an be made on this experience. Abrasion means an actual! 
rasive process for measuring the relative hardness of tearing away of the particles on the surface abraded 
i g i i S S ( 1c’ 






wo stones. Future generations will know which kind 


In the case of rubber lining for chutes. the resilieneyv of 
stone to select for the longest wearing quality. Just 







the rubber allows it to bend down under the point or 






h an illustration furnishes the argument for a better 





points pressing against it and thus actual abrasion doe 


not occur as when the sharp points on the chunks of 






derstanding of the property of hardness. Preliminary 






sts by some practical method before the floor was laid coal strike the surface of a steel chute. The lasting qual 


itv of rubber heels and rubber tires are doubtless due to 






uuld have shown which of the two would serve the best. 






should not have been necessarv to wait twentv-fiv 





: : this same factor. 
irs or so to discover the relative hardness of the two 





ds of marble. ABRASIVE METHODS USED ON METALS 





In studying the conditions under which metals would 





W. WK ler. Wear Resistance of Natural Stone Flooring. R irch 
f Standard “9s a, he Vol. 11. ' stand a maximum amount of wear. Dudley’. from obser 






VO l ure 









vations extending over a period of 12 years on railroad 
rails, said that ““Metals which will suffer the most dis 
— tortion without rupture will wear best.” If this appli 





LUA, 
Fig. 30. Design of general waiting room floor, Union Station, Fig. 31. The bottom board to a gold sluicing trough. The 


Washington, D. C. The large squares are gray marble; the abrasive effect of the gravel and water is shown in the wear of 
smaller ones red marble. the wood. 
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ron tal i, it Well as to metals, then Dudley s 
n the increased wear which rubber 
| 
ind Goldberg have contributed to this 
ision of metals yy si idving thre compara 
iss of a material by a grinding pro 
St ‘ mand MacGregor’ used a grinding method 
1 Its with an indentation hardness 
1 mit the comparative results given by th 
| id not orre tat moa iistactory manner 
) I I Y ROLLING ABRASION 
_ \ 1 ) tudv tf wear and i} ae 1) 
ld to dry ling abrasion. This is an 
t ) !) I 1 road, | vo ¥4 
ne 1 yt Ssaniter s ests \ 
tir tye tested Wiis fastened ty i 
| f a spindle driven by a worm gear 
n > shown at { in the figure 
1 hye peeded up to LOOO 1 p.m The steel bar -1 
ind OLD n diameter. Over the end of this 
) ball bearing holder so that the inner 
1 tate due to the dry friction between 
: a na | Inner race course B. The outer race 
( was d in a tixed position by the lever J By 
ther load of 205 Ibs. could be thrown 


ct surface between A and Bb. Rolling abra 


red between oJ and Bb Phe resistance to wear 
taken “2 me mversels\ proportional to thre red \¢ 
» in diameter in’ ten-thousandths of an inch after 


O0.000 revolutions of thre rod 1. 
Syomeans of a similar method, Stanton and Batson 
dea idv of the abrasive hardness of materials and 
pared them with ball hardness tests. The correla 
was not good. A wid departure of the two methods 
was found for manganese steel. The investigation 
mwed that the abrasive resistance depended much more 
pon he amount of deformation produced in the mate 
il than upon thre property of the material in the un 
strained condition. The problem, however, was to study 


the rate of wear due to rolling friction under the condi 


ons of heavy loads. This method proved satisfactory it 
showing rapidly the relative resistance to wear. 
Stanton and Batson continued their tests by means ol 
Saniter method and studied the resistance to abra 
m for dry sliding friction. In order to use Saniter’s 
nethod and at the same time give a relative large amount 
f sliding motion between the two abrading surfaces, 
Stanton and Batson connected the inner ball race courss 
to the chuck by means of an Oldham (“‘flexible’’) coup 
r, 80 that both the inner race course and the specimen 
revolution in the same time. The line of con 


t between the two abrading surfaces remained fixed 


itive to the machine The results of this test showed 
that there was very little correlation between wearing 
sts and Brinell hardness numbers and therefore the 


Brinell hardness tests were not reliable guides for pre 
+} ‘ ; 
licting the relative resistances to wear of a miscellaneous 


ssortment of steels 





By way of comparison is the work of Nus| 
with the machine of the Derihon Co. 


Belgium). | 


vestigated the ibrasion of materials when slid 


mother surface in an oil bath. This is a problen 


rest to the automobile industry in the beh 


ty 
years in the transmission case and in the diff: 


Chis machine was so constructe d that thre specn 
pressed on to the circumference ot a polished 
turning at a speed of 3200 r.p.m. in an oil ba 
sistance to abrasion was measured by the loss of 
ind the reduction in diameter of the specimen 


ndths of a millimeter after 2 IO’ turns of the 


a | 


STUDY Ol ABRASION IN A SERIES OF CARBON 8S 


an extensive study of resist 
wear in-a series of Swedish carbon steels. ‘The 
correlation between the abrasive properties of th 
rial tested in the preceding researches and the in 
ion methods finds this comment ry in Suzuki's 
ite says, “For the past fifty vears, investigations 
ibrasion ol metals have been made in ditferent W 


specialists of several countries, of which some 
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Fig. 32. Saniter’s method for ey y 
° . . / 
studying the dry rolling abrasion j 
4 
of railroad rails. A 4 
'Z A 
ee ; Eig Z f 
Fig. 33. Suzuki used his material in the A ' 
form of hollow cylinders. The wear was ¥Y% f 





measured on the ends abutting each other. 


shown very important and valuable results. But in 
investigations, the quantitative results have not thi 
light upon the true nature of abrasional resistance ow 
0 difficulties caused by several factors affecting 
periments and also to inadequate apparatus and m 
ft measurement, 

“Most of the results so far obtained conflict and 
not be quantitatively compared with one another, w 
is due to an important factor having been ignored. ‘1 
have neglected the fact that the expr riment should 
made by keeping the coefficient of friction of two 
stances equal, which is one of the most influential 


+ 


tors in abrasion experiments, because the amount ot 
rasion varies not only with the property of substa 
but with the fineness of the contact surface, even w 
the same substance. In other words, abrasion prod 
between two substances varies widely with the « 
ficient of friction between the surfaces of contact.’ 

In the study which follows these introductory 
marks, Suzuki pays especial attention to keeping the 


efficient of friction constant as far as possible. | 
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ficult factor in the technique of the study of rela 
iardness by abrasive methods. Suzuki's study was 
xtensive one on six hypo-eutectoid carbon steels of 
ent carbon contents and of different structures. At 
eginning the author defines two kinds of abrasion: 
‘The amount of abrasion per unit area and unit 
of a substance, A or B, with respect to a standard 
ince, C, is defined ‘Standard Abrasion’.” (2) “The 
int of abrasion per unit area and unit work of 
vith respect to A, or vice versa, is defined ‘Relative 
sion.’ Few measurements of relative abrasion had 
made prior to this work, but such measurements 


essential in solving abrasion problems. 


he importance of such studies may be estimated when 
considers the industrial and economical losses caused 
tbrasion. ‘The abrasion which goes on between the 
s and the rims and flanges of the wheels rolling over 
rails is but one example of economical loss by such 
ins. Suzuki's method carried him into a study of the 
itive abrasions between variously heat treated struc 
s such as obtain in the annealed, sorbitic, troostic 
d martensitic structures. His results showed conclu 
ly that the greater the hardness number, the less 
s the abrasion effect. These studies showed further 
it if the standard abrasion was once determined, then 
itive abrasions could also be found by calculation. 
The method used by Suzuki consisted of a rotator, 
g. 33, carrying a hollow cylindrical test piece B, whos 
nner and outer diameters were 1.60 and 1.96 cm. re 
pectively, and whose length was 4 to 5 cm. Butted end 
end in a vertical position with B was another test 
ce A of the same dimensions. B was rotated by a 
otor and ef was held on a shaft mounted on ball bear 
ngs. A pulley was attached to the same shaft as 4, 
iround which was wound a cord leading to a= spiral 
spring. ‘The spiral spring carried a pen which moved 
over a sheet of paper on a rotating drum. By the move 
ment of the pen, the frictional force between the two 
ibrading surfaces could be watched and kept constant 
in important feature of the method. Different loads 


N order to make possible the quantity production of inter 
changeable parts, manufacturers are compelled to adopt 
many close tolerances for their machine shop operations 

In the early days of the steam engine a cylinder bored a 
iarter-ineh out of round was accepted isa evood job. ‘Today 
tolerances are held to the third and even the fourth decimat! 
ice. To assure the maintenance of production standards to 
ithin 0.001” requires checking or gaging devices accurate to 
he fifth and even the sixth decimal place. Few industries can 
ford to equip themselves with such expensive precision meas 


urement and gage checking instruments because of their great 
cost in relation to their relatively infrequent use. In industries 
vhere gages are used, a gage department, provided with only 
t few elementary precision check gages will usually be found 
Extremely precise measurements and certain check gages would 
ive to be returned to the gage manufacturer or sent to the 


National Bureau of Standards in Washington, D. C., for test 
ind certification as to accuracy. 

It will therefore be of interest to industry to know that the 
Ordnance Department of the United States Army has estab 
ished a complete precision measurement and gage laboratory 
in the College of Engineering, New York University, for use 
by the Army, the College and industry generally. The writer, as 
Major in the Ordnance Reserve Corps and Chief of the Gage 
Division of the New York Ordnance District, is in charge of 





Army’s Gage Laboratory at N. Y. U. 


By CARLOS De ZAFRA 
Assistant Professor of Engineering, New York University 
Major, Ord. Res., Chief Gage Laboratory, New York Ordnance District 







could be applied to the surfaces of contact by } 
weights on the upper spindle ¢ his allowed the 





tive abrasive powers of two s unpre s to be studied und 





ditferent speeds ind different loads while the coetficien 





of friction was maintained as nearly constant as possible 





t { 


The author claims tor his” outti the following ad 





vantages: 










| Phi rt 1V¢ ( ar 
Live sured 
4 \ con rativel ( ( l 
reudnauite 
BS Lh Coon IS 1 LLY } winced thie cet 
here the measurement can be carried 
| The condition of the cor et rface J ( 
constant because its form is concentrically cir 
vi So, no error is caused by the ecdwe of the te 






ing the rotation 







6 The experiment can be don t the ¢ 
easily immersed ino any. liquid or powder 
constant coettiicient of friction, because the XIS { 
prece Is ertica 
Che area of the two surfaces in contact was tw 






+] +? y peyteat 


square centimeters. Phe load carried on the upp 


Phi Cocthicien 






Ing Active test piece Was 1S ke cn 






of friction was ke pt as near 0.65 as possible In the tina 





results it was shown that in the case of rolled and an 






nealed structures, the relative abrasion of the active t 





piece increased linearly with the carbon conten hia 


is, with hardness). ‘The 





iverage ratio of tbrasion 





tween the two speeds was 1.70. The difference between 





steels of different hardness and difference structures was 






also studied. “When the test piece of a higher hardne 





rotates at oa higher speed, the amount of wear in 







prece is smaller than in the reverse combination. 





The ettect of powde r upon ibrasion was most marked 





In fact. the results of this study makes it app 





though abrasion depended, for the most part, upon the 





powder produced between the two disks. The abrasion 






was almost 100 times greater when the powder remained 


i} 





. 
han when it was wiped off. 





Suzuki's extensive investigations are well worth s 1 












the laboratory, the only one of. it ind in the Ne \ 

Ordnance District o1 outside ot Frag ford ory Water ( 

Arsenals on the Atlantic Coast See front cove j 
Calibrated by the National Bureau of Star j ‘ 

in the new laboratory re Cay tole rf nent 

urements accurately to the fiftl na xt aecnu ( 
The equipment includes sever et f Johanssor 1] 

precision rau blocks accurate to the rhidiibonyt rf 








measuring machine of capacity from | > + feet ane 

of one one-hundred-thousandth = of I nels cre 
comparator; i comparator for checking re tive VA t 
parts ind capable of being read to the three-mi 

inch; a helium monochromatic heht-wave ntertere ( 
ment to determine the flatness of precision gage 

ora new type Of micrometer plug gages; Super 





: a om 
toolmakers microscope; machine for determin 






exterior and interior screw threads; 3-wire ter 
ment for \ecme and National 6 SCTE thread 
tion 1 complete assortment. of ecessorte 
plates, inside and outside micrometers f 







dial indicators yraduated to ten-thousandt 





parallels, vernier deptl ind heig! rer ure 





ind equipment for practic nv line 
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athode-ray Oscillograph Applicatior 


gan in J 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I., N. Y. 


IN TH BIOLOGICAL SCIENCES A shows a typical oscillogram ror the left aru 
It is inifestly impossible to review all the practical irm condition. 
pplications of such a versatile tool as the cathode-ray ‘rom a scientific standpoint it may seem tha 
ograph that have to do with research in biological method is indirect and that other methods, as fo 
ls. Since some of the methods may be of value in in ample one delineating a polar diagram, would giy 
strial fields, however, a few will be mentioned. perior results. Equipment complications result hoy 
fields of psychological and medical analysis the with any other method than the one used and any ¢! 
s up of delineating nerve impulses and in this recording technique would require conside 
tions under various conditions or stimuli. research in order to formulate rules whereby th 
1 in electrocardiography grams could be analyzed. 
() early electrical demonstrations was that of With the ordinary galvanometric oscillograph. it 
C ai: seta clawed that seme eact of relation existel been customary to make a continuous photographi 
“A cular activity and electrical currents. These ord of each set of conditions, so that it is necessar 
ents were made using the muscles of frogs. Th: expose and develop many feet of film during a. si 
portant developments toward the utilization of test. This has been due to the fact that all tran 


enerated by the body organs were made by effects due to muscular exertion must be quieted if a 


Kinthoven. using one of the string galvanometers bear record is to be obtained. Since the phenomena t 
a sue teataeches- were directed toward tx studied occur at a slow rate (about once per se¢ 
ding of the evelic potential waves generated by the the eve cannot retain a picture of a complete cycle w 
the mirror reflection is viewed directly. With the cath 


is anon proved method of diagnosis. The exact 
1 14 


e of these potentials is not fully known fut the ray types of oscillograph this technique may be al 
ee that Einthoven developed expe eos | a since a delay screen can be used wherein a com) 
| ba ‘ : 


] 


niversal \ ised in making electrocardio evel can be retained by phosphore scent sereen ac 


Subsequent cycles are all superposed so that momen 


or gradual changes can be noted visually, befor 


In order to explain the action, an analogy might serve 
ite the methods used. Assume that the intensity photographic record is taken. 


beam from a lighthouse is arranged to be varied The apparatus required consists of a special low 
i = a ban ig |, Peer ‘ 
— rtain manner which is repeated each revolution. quency amplifier and an oscillograph with a synch 


oie Nek Shad Bins ace Chee ‘eecetvin Ghettwees ized linear time base capable of following the flu 


nities in tine Cilicsik dieiatheee Seak tt be vent lions at the pulse rate. The amplifier must hav 


possible to measure the light intensity directly at any . Be 
hese positions, and that it is easy to measure thie volt so as to give the required deflection. The defle: 


. som S ‘ soll 2a i} e «>t ’ P 
itive difference in the light intensities received at any is generally calibrated in millivolts, and on th 


' k —e ; : ‘ sl 
wo of the three positions. This difference varies con record should be one em. per millivolt. In the usual 
nually over the evele of revolution——at one instant it 

“ be stronger at point A than B, and later this condi 


m will be reversed, and so on for B-C and for C-A. 


Although subject to some qualifications, the view may 


ve taken that the movements of the various compart 
nts in the heart each generate and proje ct pote ntial 

, vt li} tj I’) nT ? 1] - 
Waves IM ce iin directions 1 fhis issulmption Will perm 


inalysis of the recording methods. Electrical con 





sare made on the surtace of the skin at three points, 
sav on each arm and the left leg. Oscillograms are sue 
ssively made showing the potential difference between 
{ ving positions. It has been found that 
i SCLLIOVTA IS. distinctive ind POLOWS aos indard 
form if tl heart is normal. Likewise variations have 
nm svstema ily analyzed permitting rules to be 
rm le ed shi Wing t hae Vy ort ¢ irdiac disorde £ | ig. 
4 \ 
S \ ( 
\ 
~ rT IX I 
\ 
, < ( O \ 
\ 
) ¢ ) \l ) 
| \ \l 1 \ 
( ( p 
( l \ S \M \ 


ficient gain to amplify an input potential of one m 


{ 














potentials are of the order of one to two milli 
It must have a flat frequency characteristic over 
inge of from 0.5 to 1000 cycles per second, the 
limit being set by the extremely rapid surge oc 
g at one point on the oscillogram. It is desirabl 
isual monitoring be possible before and during any 
ire interval. The oscillograms must be timed ac 
ly in terms of tenths of a second or smaller inter 
o enable accurate interpretation of the pictures. 
ce all three electrodes are placed in position before 
st a switching arrangement is usually provided so 
onnect in the desired pair of leads. No line fre 
vy hum can be permitted. Figs. 6 and 7* show sta 


rv and portable forms of an electroc ncephalograph 


is primarily arranged to record “action currents” 
iated with mental processes, but is also useful as 
ectrocardiograph and for other physiological in 
gations. Its amplifier output operates a cathode-ray 
with which are associated a sweep circuit of con 
onal design and a camera for still pictures or con 
uus records. This amplifier drives likewise a power 
lifier that supplies a loud-speaker and an ink-writ 


iscillograph. The cathode-ray tube is used for re 












cording all types of “action currents” and the ink-w 
ing oscillograph is limited to the registration of t 
electroencephalogram or brain wave. 

The term “action currents” refers in general to th 
currents generated by the activation of living tissues, 
nerves, muscles, ete. Figs. 5b and 5¢ are oscillograms of 
action currents, the latter depicting the action currents 
in a human muscle, taken with the Electromyograph* 
shown in Fig. 8, designed primarily for the study and 
diagnosis of muscular action in paralytic cases, ete. ‘This 
instrument is for recording the action currents in nerves 
and muscles only. It operates directly from GO-eycle power 
lines Here, again, thre cathode ray tube has a sweep 
cut and the camera is adapted for still and continuous 
tures. The camera records simultaneously a series 
flashes from a timing lamp to indicate the speed of t] 
film, and the motions of a luminous pointer pn 
tically ope rated by the muscle from which the tion 


currents are led. This instrument finds applic 


tL1On 
the study of certain forms of paralysis and in resea 
on the cause of stammering. It may be used to map out 
the pathways of nerves, to measure the speed of the con 
duction ol the nervous impulse, ind to determin t 
efheacy of nerve sutures. The clectrodes used wit 


instrument are small hypodermic needles w 


] ] } | . . . 
minute glass-insulated silver wires running down 


channel. These are connected to the imp litie 1 \ 

shielded cords and itt used like Ininiature te }) 

plugs which tap the electrical activity of a small 

of tissue and are shielded from extraneous intert 1 
Fig. 9 shows a five-bay electrophysiologi i q 

ment. used for investigations of extraordinary cha 

including the delineation on the cathode-ray 

screen of the electrical effects t iking piace n 

of animals when various sounds are produced 
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RIZE SOLUTION 
IAN P. BRESLAUER 
Phree re R,, Rs and 
C4 loal tine I l 
‘ it I 
en Ik ind 
‘ l hic! | na | 
l e norn ye 
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wointiy dow) a 
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MARCH PROBLEM (No. 5) 


Automatic Time Cycle 


Three 1/>" solenoid valves, all normally 
closed: cold water (cushioned) ; hot water 
(cushioned) ; steam (100-Ib. max.). Cycle: 
Push button start, CW opens; 
dwell; CW closes and HW opens; 20-sec. 
dwell; HW and S opens; 30-sec. 
dwell; S closes and cycle stops. 

Inquirer us blueprint of a 3- 
disk panel, considers its cost prohibitive 
suggests “an arrangement with a single 
timer on each operation,” prefers 
a complete unit” (presum- 
ably for standard equipment on some sort 
of washing machine). 


40-sec. 
closes 


sends 


S0-Sec 
assembled 
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( I closes, Opening \ ive CW ind 
( me timer | set for thirty sec 
\tte thirty seconds, ‘TT, closes, 
1 It hich opens valve Li ind 
( Kt closing lve CW At the 
e tin e plunger of Ro operates 
‘ | et for twenty seconds After 
( econ | close S, closing relay 
t 1 vens valve S and releases re 
R ( Ing ve TIW At the same 
( ‘ er oof relay R operates 
inne | et for thirty seconds. After 
rey SS i na Tine? l close S, rele isihny 
‘ hk nd operating a signal to indi 
col WetTLolr TT cvct 
The let nd normatly-open contacts 
each relay hold that relay closed until 
ened by the next succeeding. The right 
dl rl lyv-closed contacts prevent 
t I until the previous evele Is con 
eted 
“5 PRIZE SOLUTION 
By E. R. WYATT 
| ‘ he schematic wiring dia 
f instrument to take care of 
robe The motor in the schematic 
t ‘ motor vhich drives the 
’ f Bristol’s sequencing timer, by 
( f ich circuits are successively 
( rou the wires feeding the three 
“A 
MOTOR 
ARTB n i 
= 
4 
W 
Ki ae | WATER 
3wW-4 Sw-3 Sw-z N 
4 T WA = 
HES DLEN 
WN 
ad STEAM NO 
INSTRUMENTS 
Pave 138——Vol. 1 


P is pressed, 


solenoid valves. ‘This sequencing timer is 
so that the mechanism which 
through any branch, 
motion) the cir- 


constructed 
the circuit 
the 
cuit in the preceding branch, thus giving 
clean-cut action. Another feature of the 
timer is a ready means for adjusting the 


“makes” 


“breaks” (in same 


duration of any dwell \ momentary 
push button is used for starting: the 
timer will tutomatically stop at the com 
pletion ot evele in a_reset position 
ready for new evele without manual 
reset 
$5 PRIZE SOLUTION 
By STANLEY T. WEPSIC 


solenoid) valves operated by in 


Tlave 














s0-second “cevele stop” cam = timer with 
the individual cams set for the desired 
operation of each valve Cam No. 1 to 
be a total time cam and cams 2, 3 and 4 
t 
- f | 
° 
(me over ¢ ~ oe ne ps 
(( 12.) 
GU 4 C3)q(4 | 
ae | 
+ 
Wace 
aoe! ir : “fe © |e 
| rile 
} | | 
fate? | 
ry 
or 
Nn. 
Ln ome 
we iN 
> ¢g : 
~ > = 
rs ~ 4 
c ° 
x 
» operate the cold water, hot iter, and 
steam valves. Start operation hy closing 
start button until contacts of cam No. 1 
close. Cvele stops ifter SO seconds by thre 
opening of the contacts on cam No. 1 
Timers of this type are available with 


idjustable eveles and automatic reset 








SOLUTIONS 
FULTON 


85 PRIZE 
By JOHN W 


(1) Assuming that the qu 
machines to be equipped with tir 
control is sufficient to make use 
standard rel WS, a simple two-u 
tion in Fig. 1. A 
with 9 stages carrying t sets of ¢ 
throw 


is shown sequen 


3. single pole, single 
throw, 


shown, controls the valves 


irranged in the 4 
The 1 


recel 


double 
coil of the sequence relay 


each 10 seconds from. the 


tter 


pulse 


relay recelving its 











push button. Contact \ 


opened in the first stage, preventi 


the start 


terference with the fron 
dental operation of the start push I 
ifter the cycle has started. Cont 
closing in the first mainta 
rent in the operating coil of the tir 
relay throughout the cycle. A 
the valves in an 
the 


shown. 


program 


stage 


swt 
close all 
be installed in 


emergency 
common. lead 
valve coils as 
If I particul ir 
would prefer to do so, a 9-positior 
flower” switch with a single pol a 
“off-base” could be use 
} the ratchet 
quence relay shown in the illustratic 
(2) An solution, car 
out the suggestion of the inquirer 
timer for each valve, i 
If the delay between th 


one evele and the begi 


relay) manuf 


throw contact 


nace of ind-cam type 


ilternate 


\ separate 
in Fig. 2 
pletion of 
of another, required by the reset th 
ind the 


thermal time delay relays, 


ecuraey, ire not objectionable, 


ould offer a somewhat cheaper so 
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EMERGENCY 
STOP 
These timing relavs must be arrange 
break one circuit before making the ot 
with as little delay as possible. The 
relay is provided with an extra cot 
irranged to close only after the relay 
cooled to. reset position, The evel 


initiated through the start push-but 


which closes the electrically interlo« 








yplying current to the coil of the direction brushes No. 1 and No. 4 are 


ning relay and the cold) water shorted to hold the cold-water solenoid 
30 seconds later the cold) water valve open for 30 seconds. Brush No. 2 
- closed, and the hot water valve is 20 seconds from zero and No. 5 is 30 
by the contacts of the first timing seconds from zero. At the instant that 
The coil of the second timing relay the shoe leaves No. 1 it contacts No. 5 
eives current simultaneously with ind through No. 2 it operates the hot 
water valve. In this manner the water solenoid valve. This circuit is held 
rogresses and is completed by the closed for 20 seconds and but for No. 3 
of the normally-open contact of would be opened as the shoe cleared 
rd timing relay, shorting out the No. 2. At the instant that the shoe leaves 
the interlocked relay, thereby re No. 2 it reaches No. 3 and No. 6 in line 
current from the coils ot ull the it 50 seconds from zero and so operates 
relays. the steam solenoid valve and the relay in 
eon glow lamp type of pilot (dra parallel with it Operation. of thre relay 
snatier amount of current than the opens the normally-closed contacts No. 7 
current of the relay ) rely be 
ted as shown to indicate the reset ; 


tion of the timing relays. A) nor | 
open push button connected across | 


lay coil may be used as an emer 
efeaee 


stop switch. Single pole double 


InAnnnnnnn 
switches connected as shown by WUUUU UU UUW 
lotted lines may be used to operate % 
ives manually without control by 
ming s\ stem. One ob jection to this WU WUUU WOLD 
n not found in the previous method 
loss of control in the event of a ORR 1 
er interruption during the cycle. HEHE 
the program as outlined could be i 
ved to one of three equal intervals 
ne, the first method described would 
me more simple, in that a four-stage 


ence relay and a timing relay. giving 





ulse for each of the uniform inter | Wi 
ould be used. | 
\nv one of a number of manufacturers = 


relays, ete., should be able to supply 


em mounted on a single panel ee a ge ee ee ee oe eee nee 


ired solenoid valve The steam solenoid valve 
is in operation for 30 seconds while the 
shoe is passing contacts No. 3 and No. 6 


ind is released as the shoe clears. It will 


$5 PRIZE SOLUTION 


13) CHARLES A. ELLIS he noticed that there is still 5 seconds 

This timer consists of a single contact left before the revolution of the disk is 
ting disk (made of insulating mate complete. \t some time during this pe riod 
driven by a synehronous motor at a pin “NX” on disk “B" operates to open 
eed of one revolution in 85 seconds contacts No. 9 and No. 10 and so stop 
ied upon this disk is a contact shoe the driving motor. Disks “A” and “B” 
conducting material having an aneu are shown separately in the drawing for 
pread equivalent to thirty seconds simplicity ind should be on the same 
time. Arranged in pairs around the shaft. In the actual timer the pin ‘X’ 
cumference are three pairs of brushes would be placed in disk “A.” In order 
ich operate to contact the valve oy to start the evel the push button is held 
ting solenoids. Brushes No. 1 and No lone enough for the motor to drive pin 
re at a position that may be desig “X" to release contact No. 9, thereafter 
ted as zero time and in line. It is seen the motor circuit is maintained through 


is the shoe passes in a clockwise Nos. 9 and 10 until evele is complete 








Problem No. Subject Index 2.05 


DETERMINING PUMP EFFICIENCY 


From a large phosphate company: “‘We desire meters integrating 
(in ft.-lb.-hrs.) the discharge of sand pumps in mining pits. Max. 
vacuum on suction side is under 28”; max. head on discharge side is 
under 200 ft. Percent of solids varies so much that load fluctuates 
from 1/4 load to heavy overload (quite unlike test-block where a 
pump handling clear water runs at constant load and speed). We 
easily meter the electrical energy consumption, but desire to meter 
simultaneously the work actually performed, in order to obtain 
significant data.” 

Five dollars will be paid for every solution (or critical discussion clearly point- 
ing the way to a solution) which is accepted for publication. Address Instru- 
mentation Forum, 1121 Wolfendale St., Pittsburgh, Pa. Type double-space, on 


one side of paper. Draw diagram in black ink on separate sheet. Mail before 
June 15. Solutions and discussions accepted will appear in July 1937 issue. 
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RAWSON 
Two-microampere Meter 








with 
Five-inch scale and double pivot 
spring control movement 


RAWSON Electrical Instrument Co. 
CAMBRIDGE MASS 


. al A 
B Ord 


New York Chicago 

















TYPE B 
Potentiometer 





4 standard laboratory potentiometer with 
} ranges: 1.6 volt, 160 millivolts and 16 
nillivolts 


These 3 ranges cover the entire field in 
which the potentiometer method is ap- 
plicable, including the calibration of 
meters and potentiometers, the measure- 
ment of hydrogen-ion concentration and 
the accurate measurement of temperature 


with thermocouples 


This is a highly accurate and convenient 
instrument used in leading college, re- 


search, and standardizing laboratories 


isk for Bulletin No. 270 


RUBICON COMPANY 


Electrical Instrument Makers 
29 North Sixth St. Philadelphia, Pa. 
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The Microscope (16th Edition) 3 
“ | G Comst Publis ne 
( t lt Ithae N. ¥ 36. Cloth 
ry 617 I ve 1’? ¢ $4.00 
(yak } ild_ be igh] 
1) nted n preparing t book n 
‘ Ie t can through 
K tee! 1 ns, Of ite vears his new 
dition } e added chapters on special 
pp tio The fourteenth 1dded 
ipt n Dark Field Illumination and 
thre fifteent hapter on Itra-v et 
M py. The present sixteenth edi 
n contains thes« ime chapters and 
id ’ ( ipt or Mier I i 
ind the opt ippl ! s f 
tion 
I Microscope is written primari 
nd of t } ! easy to read nad 
LS] he meaning without having the 
tan f n instructor! The bo 
pre ist ted where llustra 
? ’ ne sary how the ht 
na I ol I ne out expel 
ment he uthor encourare Such ex 
yoe nm t ez t tl eade Vho want 
t ‘ t 1 in oscope can actu 
practice the technique described 
} f< ‘ e ft ‘ t ppl tl Ss technique 
t vn part llar problems. Eactl 
ipter concluded with a list of re 
mmended collateral reading 
Phe fundamental principles of tie 
biological microseope, both monocular 
ind binocular ind the polarizing mi 
roscopes are irefully explained. Paral 
ling these explanations are sugges 
ns of how to use and when to uss 
the various forms of illumination it 
tudying structures 
All of the useful microscope veces 
ries are described and examples of 
their use given in detail. Such acces 
ries are the Spectroscopic Eyepiece 
Camera Lucidas Micrometers Dark 
rield Condensers Comparison Eve 
pleces Demonstration Eyepieces ind 


Photomicrographic Apparatus 
Carefully written instructions for fix 
ny ind preserving tissues and entire 
inisms, as well as imbedding, sec 


tioning staining and mounting const 
tute one of the important chapters ir 
t! DooK 

The author describes in the chapter 
on Micro-Incinerations the technique 


ised by Dr. Gordon H. Scott of Wash 
ngton University, St. Louis. Micro-in 
neration is the burning away of al 

organic matter leaving fixed on the 
my if non-volatile inorganic 

matte This method of specimen prep 
tration requires no staining. However 
it 1s recommended that ilternate seec- 
tions be mounted and stained so that 
both i stained section and a micro- 
neineration of the same material may 
be examined and compared. The meth 
ods of dark field illumination, polar 
red light ind fluorescence are ippli 
ible to the examination of micro- in 


\n interesting chronological storv of 
he development of lenses in the mic 





ope s the concluding chapter of 

th Valuable book 
I \ I STER, 5 niin Bure “ 
Fae 4 (7.7)-B- 


Practical Testing in Metal Industry 
(Hilts h fiir die praktische Werkst- 
offabnahme in der Metallindustrie). E 





1) & A. H Verlag von Julius 
Springer, Berlin, 1936. Paper, 6% 9% 
nehes, 80 pages. Price 9.60 RM 

This book was intended as a manual 
for the testing laboratory and inspec: 


nm department, Nineteen pages briefly 
ver the handling of test specimens in 





the tensile test the hardness tests of 
I r lL. R kwell, Vickers, Shore and 
t ! method S well t 
! test and the testir 
rhe remainde of the book has 
i I (in met? init 
ne t I reduet m of } } rdne S 
‘ tior f the variou dness value 
her i few pl l constants 
1 Er $ metr cor r n factors 
l b vill be fia tar t te 
nd inspector The 4 ewer 
e. ‘ e values mtained ir 
1 bles, } n glar ns ve 
ed I 79 an oby 1 


Reports on Progress in Physi 


A yf SON, General] 
Physical Society, London 
‘ 10 inches 371 pare pr 
This book gives an exce 
prehensive survey by i ! 
itho of research in phy 
ear 1934. The chapter head 
(reneral Vhysics (classi 
The quantum theory 
\tomic physics 
Geophysical prospectir 
Radio exploration fou 
pheric ionization 
Sound 
Heat 
I t il nd n n 
ment 
Ihe ibPpre rf Hit ele I 
Klectron tubes 
X rays 
Spectroscopy 
Opt cs 
How rapid and extensive pri 
thougt hard t realize 
omewhat by the need for 
ity found in these reports in 
compress them within 
number of pages and still to « 
works that have made ressor 
tributions to physics \t the 


each chapter excellent bib £ 
ire to be found As is to be « 


i large majority of the referer 
ite to 1934) publication lt 
chapte however, a large nut 
lute to relevant earlier pul 
While in certain other chapte 
930 references are mentioned 
In certain fields” the progre 


been So 1 ipid that many idvance 
been reported through the jourr 
ing the period when the mat 
this book was being compiled 
ever, to one who wishes a rap 
mary of a field in which the re 
not altogether familiar, this boc 
serve a useful purpose, It will 
be considered as live material 
library shelf. This would seen 
particularly true of the sectior 
ing to atomic physics 
To one of the reviewers the 

heat eems admirably covered. 1 
other it seems that the final toy 
the book such as optics and its 
subjects are of little value ind 
chiefly as space fillers. It would 
been better had this sectior 
omitted. Undoubtedly, others w 
these parts differently 

A. G. WortTHING, H 

t nd W. N. St. P 

Phy s, University re “” 


Brown Flow Meter Engineering Hand 


book. Compiled and edited by Li 


and J. ©. FriomMark. The Brown It 
ment Co., Philadelphia, 1936. Fab 
X 10} inches, 162 pages, price $ 


Appearance is almost always 
thing mentioned in a book revie 


this case, however, the reviewer 


resist the impulse to start with 


thusiastic comment on the sumpt 
printing and binding: never in te 
eal literature has he seen so lav 
use of large type even in the cle 


spaced tables, in the index and i! 


footnotes: of white space, and of 


f 
scale illustrations all on high 
ated paper, and durably bound i! 


Spanish-grain imitation leavcher 


Solicitude for the reader not 


gxoverned those who looked after 


j 


raphy ind production, but it evidt 


governed the authors in the prep 


t 
t 


t 
l 


ion of their book—particularly in 
houghtful livision of a relat 
engthy text into convenient chay 


€.1 


termed “Parts’’). These are as fo 
(1) General Flow Meter Enginee 
) Orifice Design (3) Steam 


1 
ment (6) Ai ind Gas Flow M 
ment (7) General Tables nd | 
(8) Sumr ries symbols eg 
irve t 
Part 1 should really be ntitled 
t eti f head meters since it 
only wit that lass (almost ¢ 
vith the orifice tvpe) nd since 
l¢ ript f desig ind cor 
1¢ Is | rt 2 on the other } nada 
toc ’ ed » $3¢1 for t deals 1 
mucl th the de n of orifices ( 
I tter I manufacturers) as 


Continued on pag 
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Typical 


Roller-Smith “Hipot”’ Potential Indicator 


For High Voltage Transmission Lines 


Installation at 


Switching Station. 





Hudson 


@ Indicates whether line is energized or dead. 

@ Indicates relative phase position for synchroniz- 
ing two or more lines. 

@ Indications are positive and continuous. 

COUPLER UNIT The coupler unit is mounted on pole, tower or sts 


hia 


tural work in a calculated relation to the |} tension conductor 


curved metal top forms the center plate of a condenser, the two out 
side plates being the conductor and the ground. 

The charge accumulated on the plate is conducted through 
primary of a coupling transformer to ground—the current from thé 
secondary is led to the station control room and to the indicating 


instrument described below. 


INDICATOR When the line = energized the pointer Is up scale Whe 


the line is dead the pointer stands at zero. It is as simple as tl 
The procedure for determining synchronism is almost as simple 
rhe simple design and absence of moving parts assures long life and 


trouble-free operation—and at a price only fractionally as high a 


with suitable potential transformers and instruments. 


2132 Woolworth Bldg., [[[Etectrical Measuring anda Protective Apparatus) Bethlehem 


New York ” ip Pa 





SALES AGENCIES IN PRINCIPAL CITIES IN U. S. A. AND CANADA 


























LIa4 
Initiative 














oe _ _ = 
~ Resourcefulness — Cooperation 


to advance the interests 
of the industry 


RESISTORS | 






Another example of the completeness of the IR¢ 
line and the adaptability of proved IRC resistance prin 


ciples to modern resistance needs. Note these features 


LOW TEMPERATURE CO-EFFICIENT .05°% per 


Degree C. rise 
SPECIAL MOISTURE-PROOF PROTECTION 


SUPPLIED WITH LEADS or for use in GRID LEAK 
MOUNTING CLIPS 


Available in ranges from 10 megohms (1-13, 16° long 
1/32 diameter) to LOO,OOO megohms €i2Z long 
l ? 


32” diameter.) 


INTERNATIONAL RESISTANCE COMPANY 


401 NORTH BROAD STREET, PHILADELPHIA, PA. 


Factories or Licensees in Canada, England, France, Germany, Italy, Denmark and Australia 


MAKERS OF RESISTANCE UNITS OF MORE TYPES, IN MORE SHAPES, FOR 
MORE APPLICATIONS THAN ANY OTHER MANUFACTURER IN THE WORLD 


INST RUMI 
Mav 1937—1 











ae aS 
r 1 











SHALLCROSS 
INSTRUMENT 
RESISTORS 
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SJHALLCROSS MFG. COMPANY 
10 abies rn 
COLLINGDALE, PA 
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A New SIGMA Relay 





sensitive, rugged instrument for 


seneral electronic and industrial pur- 


LIST PRICES 


SIGMA INSTRUMENTS, Inc. 
388 TRAPELO ROAD BELMONT, MASS 
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HARDNESS 
TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 
the past 29 years 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
% Comparatively 


inexpensive. 


Illustrated 
bulletins 
free. 





The Shore Instrument 


& Mfg. Co., Inc. 


9025 Van Wyck Avenue, Jamaica, N.Y. 











Surface Temperatures 
Stationery ; The “Alnor” 
M Combination Pyrocon 


Ideal for rolls, mold 
plates, platens a1 
plastic material temps 
atures. 
Write for bulletin. 


Ilinois Testing Laboratories, Inc 
142 W. Austin Ave Chicago, IHin« 







Moving 
Curved 
Surfaces 














DISTANT READING 
RESISTANCE TYPE 
THERMOMETERS 


ILLINOIS TESTIN( 
LABORATORIES, 1: 
142 W. Austin, Chicago 

















F ERRANTI The EPPLEY 
PRECISION PYRHELIOMETER 


ELECTROSTATIC 
VOLTMETERS 
No Power 
Consumption ‘2, 5 
A.C. and D.C. , Se, 


2!/> ‘ 3% 4 Dials 
Flush, Projecting 





Portable Types na 

3000 V. 2!/2” Portable Type Magnetic Damping a 

fependent of Temperature, Frequency and Wave Form . 
Entirely Self Contained up to 3500 Volts 

Voltages Down to 20 Volts 
Series Protective Resistance 
Special Models Up to 25 K.V. 
Single, Dual and Triple Ranqes For the determination and recording (with suitable 





auxiliary apparatus) of the intensity of 


Transformers for Every Purpose 
; ; SOLAR RADIATION 
UDIO, HYBRID, HIGH Q COILS, FILTERS, 
INDUCTORS, EQUALIZERS, REPEATERS, Write for descriptive bulletin E-2 
PLATE, FILAMENT, MODULATION UNITS 

Send for complete descriptive literature nninleii 

2 ON} 


FERRANTI ELECTRIC, INC. THE ariel \Be RAT RY, INC, 


| 30 Rockefeller Plaza New York, N. Y. 


NEWPORT, R.!I 


“Backed by 55 years’ experience” 






























Tuning by the 
Isochrometer PROFILE PROJECTOR 
Method with the ; : oe a e 
NEOB .. avery useful precision mstrument 
EA M The Leitz Profile Control Projector is used for testing the accuracy of 
OSCILLOSCOPE shapes of small parts. By projecting silhouettes magnified as required, 
it permits a very high degree of exactness in checking outlines with a 
minimum of eye-fatigue and a maximum of speed. 
For measuring purposes, an etched glass 
—_ scale is projected simultaneously with the 
, object under test. Angular measurements a 
es are made by using a glass plate on which eitz 
angular divisions are etched. 
con The Leitz Profile Control Projector lends 
itself to checking of small tools, fittings, 
screws, gears, etc. For measuring to_ fine 
[ limits, the apparatus is fitted with the “Frey” 
Precision Measuring Stage which permits 
inc consecutive portions of 
noi on ee eer the object to be 
rl tt brought into the field 
— es ee paced of projection. 
: Send for descriptive 
E literature. 
K¢ SC] OSCO 
ee E. LEITZ, Inc. 
730 Fifth Ave New York 
Washington 
a Chicago De 
Western Agents: Spindler & 
SUNDT ENGINEERING CO. Sauppe, Inc., 
g ’ ; Los Angeles - San I 
a 50 LINCOLN AVENUE CHICAGO, ILL aon 























An AW Purpose 


— VELOCITY METER 
Alnor” 
V elometer 


Instantaneous 
Direct 
Reading 


No Timing 
No Calculations 
Write 
for Literature 
ILLINOIS TESTING LABORATORIES, Inc 
142 W. Austin Ave Chicago, Illinois 








or 0.5 


High vacuua or 
accurate gas pressure. 


Electric Vacuum Gauge 


ani type) 


20 mm. 





Ider on request 


WINSLOW 
ENGINEERING CO. 
Hillside, N. J. 


200 Pennsylvania Ave., 











NATIONAI 


Rin EOST. iTS 


atalog 
Controller Co 
Chicago, Ill 


I Electric 


enswood Ave 











STOP WATCH TIMEKEEPER 
TACHOMETER TELEMETER 


ewest instrument for scientific time measurement 
timing devices within one Wrist Watch 


WATCH 


$19.75 


magnetic 


iP i 18 IR C 
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the 4-in-1 W 





New York 
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(%) AQ TYPES OF 
fr... = MEYLAN STOP 
\ WATCHES 

{ watch for every purpose 


\ Ask for FREE folder 
No W fully illustrat- 
ing and describing some 40 types f 
stopwatches. No salesmen will call. 
REPAIR SERVICE 
all kinds of plain and complicated 
Send to us for estimates; 
no charge, no obligation 


A.R.& J. E. MEYLAN 


“Specialists in timing instruments"’ 
264-66 West 40th St., New York City 


ypwatches 
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